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Cut-throat Pirates, page 68 


Meet the team... 


AD 


Jackie Katy Duncan Briony 
Features Editor Research Editor Production Editor Senior Art Editor Assistant 
While wearing the The jungle feature We tend to sip tea I’ve often thought Designer 


Put down the celery. 
On page 34, we 
expose the truth 

behind those 
superfood myths - it 
turns out beetroot is 
not the elixir of life! 


about building a 
plane in my shed in 
my spare time and 
jetting off around 

the world. Now | can, 
with our feature on 
page 58. 


HTC Vive, | almost 
walked into a wall. 
Maybe I’m not ready 
for VR just yet, but 
it’s having a huge 
impact on education 
and healthcare. 


rather than swig rum 
here at How It 
Works, so Black Bart 
would fit in well! He 
also preferred a 
cuppa before setting 
off on a pirate raid. 


left me singing / 
Wanna Be Like You 
all week. Everyday 
Science explains 
why, and - much to 
the team’s relief - 
how to make it stop. 


© Corbis 


FOLLOW US... @ How It Works magazine ©@@HowltWorksmag 


“worth an estimated 


\ Hearing the familiar bouncy 
notes of The Bare Necessities 
transformed into a soaring 
orchestral score sent shivers 
down my spine. 

The new Jungle Bookmovie 
looks and sounds as slick and majestic as the 
original must have seemed back in 1967. Nowa 
whole new generation can experience the delight 
of Rudyard Kipling’s tale, and you can explore the 
real-life secrets of the world’s tropical forests in 
this issue, ahead of the release in April. 

It’s fascinating to uncover the truth behind our 
favourite films, and we don’t stop there. Over on 
page 68, we present the real pirates of the 
Caribbean and I'm pleased to report that Johnny 
Depp’s portrayal isn’t far off the rum-swilling 
scoundrels that would rather trick sailors into 
handing over their treasure than spill blood for it. 

On top of that, we find out howvirtual reality 
will affect our future, go behind the scenes of 
building a plane and get to the bottom oflife’s 
little mysteries. At last, there’s a scientific reason 
why coffee spills and it’s not just that I’m clumsy! 


Jodie Tyley 
Editor 
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ENVIRONMENT 


16 Jungle beasts 
e Life in the canopy 
© Bengal tiger hunting tactics 
e How orangutans use tools 


Predicting the weather 


SCIENCE 


The science of 


everyday explained 

e Why does coffee spill? 

e The chemistry of burnt toast 
e Why selfies look strange 


The pH scale 
Lightning rockets 


10 superfood myths 
busted 


The chemistry of 
matches explained 


The perfect power nap 


60 second science: How 
light travels 


How knives cut 
Miniature worlds 


@ TECHNOLOGY 


42 Virtual reality 
e How does it work? 
e VR on the battlefield 
e Entertainment and education 


Pinball machines 


How heated car seats 
work to keep you warm 


Barcode scanners 
How wristwatches tick 
Washing machines 
Inside a loud speaker 
Egg timers eggsplained 


Meet the experts... 


Laura Mears 
Over the years, Laura’s 
explained research 
that will save lives and 
help us colonise the 
Moon, but this month 
she tackles topics much closer to 
home. Find out why teapots drip, 
toast burns and more, on page 26. 
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4. What happens in a 


‘ait HISTORY, 


package in the mail - a self- 
sustaining miniature universe! 
Find out more on page 40. 


How to build a plane 
Find out what it takes to 
construct a sky giant 


The world’s largest ship 
Balancing on a unicycle 


burnout? 


Your car’s air con 
explained 


Firing torpedoes 
How do trams work? 


Cut-throat pirates 
Discover the true story behind 
history's bloodthirsty buccaneers 


Interview with solar 
physicist Lucie Green 


What is a pulsar? 
Docking a spacecraft 
How Earth got its core 


What is the universe 
made of? 


Clean and tidy galaxies 


The science 
of everyday 
explained 


Anatomy of a spacesuit 


On board the Dream 
Chaser spacecraft 


Gemma Steve Wright 
Lavender SciFiNow’s Steve has 
This month, our =! spent years reviewing 
resident the latest TV, films 
astrophysicist and books, and while 


received a strange Mm there are no vampires 
or time-travellers in this magazine, 
he’s the perfect critic for our new 


book reviews section. 


real-life 


Inside a loud speaker E34 


we 
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feature. Did you know the 


eating ants from 100m away?! 


: Virtual real 
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What is the 
universe... | 
made of? 4 


“4 


2 


Ella Carter Alicea 
After watching a Francis 

@ Disney movie in * All About 
the name of work, S History’s Alicea 
Ella took on our reveals the true 
blockbuster cover vr buccaneer lifestyle 


in the 17th century. You might 
be surprised to learn what a 
democratic bunch they were! 


Baloo can be heard 
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Global eye 
Amazing science and tech stories 
from around the world 


A day in the life of 
Go behind the scenes at a 
motion capture studio 


Brain Dump 
The place where we answer your 
most curious questions 


Book reviews 
Check out the latest releases for 
inquisitive minds 


How to... 
Make a balloon-powered rocket 
car and create quicksand 


Letters 
Our readers have their say on all 
things science and tech 


Next issue 
Your first look at the next issue 
of How It Works 


What is a‘pulsar? 


a 
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rn 
58 
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SUBSCRIBE 
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_ripples in space-time 


. 


- Ripples in space-ti 1 
hat do they mean? _ 


How the discovery of gravitational waves could shape our uinderstanding, of the universe’ 


“Backi in1915, Albert Einstein was the : 
first to predict that massive accelerating 
objects, suchas neutron stars or black 
holes orbiting each other, cause ripples in the 
fabric of space-time, allittle bit like the ripples 
caused by a stone hitting the surfaceofa pond. 
He proposed that these ripples -— called 
gravitational waves - travel at the speed of light 
through the universe, and carry information 
about the catastrophic events that caused them 
and the nature of gravity itself. 
Though Einstein was convinced that __ 
gravitational waves existed, proof didn't come 


Gravitational waves are 


caused by catastrophic 
events in the universe 
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until 1974/20 years after his death. By studying 
two extremely dense and heavy stars orbiting 


‘around each other, known asa binary pulsar, 


astronomers found that the orbit was slowly 
shrinking because of what must be the release of 
energy in the form of gravitational waves. 

With their existence proven, the next step was to 
observe the gravitational waves themselves here 
on Earth, a feat that has finally been achieved by 
aninternational team of scientists using the two 
Laser Interferometer Gravitational-Wave 
Observatory (LIGO) sites in the US. This 


_monumental achievement means that scientists 


now have aa entirely new way to study the _ 
universe. Many parts of the cosmos, such hel 
holes; are invisible to the light-based telescopes 
used today, and space dust can distort the images - 
they capture. Detecting gravitational waves will 
overcome these problems, and give usa better 
understanding of objects such as supernovas and 
neutron stars. 

Eventually, it is hoped that gravitational waves 
will even make it possible to see the Big Bang ~ 
itself, giving usa better idea of exactly howthe . 
universe began and solvingsome of the biggest 
puzzlesinphysics. ~~ 
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The ReFlex is the 


The flexible > | Paes 
future of 
smartphones 


Bend-control helps bring 
Angry Birds to life 


When using the world’s first wireless 

flexible smartphone, you can interact with 

apps simply by bending the handset. Bend 
sensors behind the LG Display Flexible OLED touch 
screen sense the force you apply, and this 
information can be used to flick through the pages 
of an e-book, or stretch the sling when playing 
Angry Birds. Avoice coil inside the phone will then 
simulate the feedback from these actions through 
vibrations, helping you feel the rubber band stretch 
and snap back or the pages flip through your fingers. 


The software means the 
drones are better than 
humans at identifying 
previously unseen trails 


find you in 
the woods 


Smart flying machines 
learn to recognise forest 


trails and come to the rescue i RP 4 3 4s 
- , ee 
While drones are already good for search a - is 5 ——— “¥8 = eo t 4 ‘ C/ > 
@ and rescue missions in open areas, they : j ve a — ~ : 7 2. , 

have trouble spotting those in distress 2 er ’ - e Z 
beneath dense forest canopies. To combat this - 7 : a . eS - 
problem, researchers have developed artificial ~S Se) “ 
intelligence software that enables small af - a3 
quadcopters to detect and follow forest paths, 4 = z 
allowing them to fly among trees to find lost . = E : 
hikers and alert human rescuers to their 7 a ‘ 
whereabouts. Small cameras on the drone capture = a3 7 
its surroundings, a clever algorithm interprets the < ’ : 4 ee E : . 
images to spot nearby paths, and the software . services to find lost #2 
directs the machine on the right route. a hikers in the woods* 62 
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COOL THINGS 
WE LEARNED 
THIS MONTH 


Pa 


Big-brained 
mammals are 
more likely to 
go extinct 


For millions of years, mammals with large 

brains have had the upper hand when it 

comes to surviving extinction, but a new 

study has found the opposite is now true.By |= ~ 
examining the relationship between brain size 


= and endangerment status in 160 species, * 


researchers found that mammals with larger | 
brains relative to their body mass were more ge. 
likely to be at risk. 


History could last 
forever in 5D glass 


Scientists at the University of Southampton 
have developed a new way to store digital 
data that will preserve it for billions of years, 
even at high temperatures. Using an ultrafast 
laser, they etched tiny nanostructures inside 
discs of glass, encoding information in five 
dimensions - their position in 3D space as 
well as their size and orientation - altering the 
way light reflects off them. The change in 
reflected light can then be analysed to 
determine the information they hold. 


A flower has 
grown in space 


After successfully growing lettuce onboard 
the International Space Station last year, 
Commander Scott Kelly and his crew have 
shown off the first flower to be grown in 
space. The zinnia plant was grown using the 
station’s Veggie system, specifically 
designed for growing crops in microgravity. 


We have said 
farewell to 
Philae lander 


The little spacecraft that successfully 
landed on Comet 67P in November 2014 
has now gone into eternal hibernation. The 
lander has remained silent since July 2015, 
and is now facing conditions from which it 
is unlikely to recover, so ground control has 
given up sending commands. 


~ 


Bananas are 
helping to 
diagnose 
skin cancer 


The black spots that appear on bananas as 
they age are caused by the enzyme 
tyrosinase, which also causes the tell-tale 
spots of the skin cancer melanoma. This 
information has helped researchers in 
Switzerland develop a new imaging 
technique for measuring tyrosinase levels, 
which they were able to test on the fruit 
before trying it on humans. 
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Horses can 
read human 
emotions 


By showing horses 
photographs of positive and 


negative human facial Climate chan e will make 


expressions, researchers at the 7 7 

University of Sussex have transatlantic lights longer 
proved these animals can | 
distinguish between happy and 

angry emotions. When shown 

an angry face, the horses 

looked more with their left eye 

- a behaviour associated with 
processing threatening stimuli 

- and experienced a rapid 

increase in heart rate, 

associated with stress. 


You'll get through more movies than usual on future flights from 
Europe to North America, as climate change slows down some 
journeys across the Atlantic. Scientists at the University of 
Reading have calculated that the jet stream - high-altitude 
winds blowing from west to east across the ocean - is speeding 
up, creating stronger headwinds for westbound flights. The 
good news though, is that eastbound flights will speed up, as 
stronger tailwinds help push aircraft towards Europe. 


SS eee 


Spiderman’s 

"Py feet are not 

big enough 
Ever wondered why you can’t scale 
walls like your favourite superhero? 
Researchers at the University of 
Cambridge have revealed that in 
order to climb a smooth vertical 
surface, humans would need 
impossibly big feet as they would 
require adhesive pads covering 40 
per cent of their body, or roughly 80 
per cent of their front. They 
concluded that the maximum size 
an animal could be in order to climb 
“s-% wallsis that of a gecko. 


Brain folds are 

the result of 
crumpling 
In the womb, our brains are initially 

smooth structures, only developing folds 
when the foetus is about 20 weeks old. 

To work out how these folds form, 
scientists created a gel model of a foetal 
brain, and immersed it in a solution to 

make it expand. This revealed that as the 


outer part of the brain grows faster than 
the rest, it crumples to form folds. 


Hair follicles gradually 
turn into skin 


As we age, our hair follicles slowly stop growing new hair, 

and now scientists in Tokyo know why. Age-related damage / 
to our DNA triggers the destruction of the protein Collagen 7 
I7A1, causing stem cells inside the hair follicles to transform ‘f 
into skin, shrinking the follicles until they disappear. 7 
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DAY IN THE LIFF ia - 


‘ 
. 


A motion & 
capture 
animator 


What goes into creating the lifelike i ae 
animated characters in your favourite Wiest 
video games and blockbuster movies? 


/ nthe past, animators had to create their 


characters’ movements fromscratch, adjusting Motion capture suits 
: a. ‘ feature a series of 
their position frame by frame ina Rapti oes 
painstakingly slow process. Nowadays, their job tracked by cameras 
is made much easier by motion capture 
technology, as the movements ofa person can be 
recorded and transferred onto the digital 
character automatically. 
To do this, the actor must wear a suit covered 
with markers, which looka bit like ping-pong 
balls. The location of these markers is then 
tracked by a series of cameras positioned at 
different angles around them to create 3D 
trajectories of their movement. 
The most common method of motion capture is 
called ‘optical-passive’, and involves using 
reflective markers and infrared cameras. The 
cameras shine beams of infrared light at the actor, 
which are then reflected back when they hit the 
markers, allowing the camera’s software to work 
out their exact position. Another method, known 
as ‘optical-active’, uses illuminated LED markers 
that flash with a certain frequency of light that 
can be picked up by the cameras. 
Once the position of the markers has been 
mapped, their position and movements are used 
to create a digital skeleton, which forms the basis Full-body and facial motion 


for the computer-generated character. capture can be used to create 
life-like digital characters 


“The cameras 
shine beams 
of infrared fo 
light at ie. one ~ 

~*~ , The animation can 
replicate the & 


actor’s movements 
inreal-time ©  ™ 


the actor” 
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Making 
o-cap 


magic 


From wrestling suits off wolves to working with 
Hollywood stars, life in mo-cap is never dull 


With over a decade of experience in the visual 
effects industry, animator Brett Ineson decided 
to set up motion capture company Animatrik in 
Canada in 2004. He has since worked on films 
suchas District 9, Chappieand Warcraft, and 
video games including Gears of Warand Just 
Cause 3. We spoke to him to find out how the 
industry has changed and what it takes to make 
itin mo-cap. 


What are the benefits of motion capture? 

It’s definitely about recreating the human 
performance. Animators are very talented at 
recreating many things in life, but a good actor is 
going to deliver a performance that is really 
going to sell the character to the audience. 
Motion capture is avery effective tool for making 
sure it stays true in the final product. 


Does the motion capture process differ for 
games and movies? 

They are largely the same process, but for video 
games we won't typically shoot on set with live 
action as well as digital characters. For that there 
is a whole slew of other technology that we use to 
be able to comp what you're seeing live with the 
digital characters at the same time. 


How does that work? 

It’s called SimulCam and what we do is put 
markers on the film cameras to track where they 
move in 3D space. We then use that information 
to drive the computer-generated camera and 
merge the live action with the digital elements so 
that they appear in the same frame when viewed 
live on set. 

When I first started out it was very difficult to 
see the work you were doing in real-time, so you 
would just have to capture, go away and then 
realise all the information you collected behind 
the scenes. Now, we're always seeing live 
characters when filming, which helps everybody 
answer a lot of questions about the performance 
we're getting. 
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What’s it like to work with big-name 
directors and actors? 

In the early days, directors didn’t want 
to change the way they worked to 
accommodate all these new people and gear. But 
now, very early on in pre-production, motion 
capture is being chosen as the tool to use and 
might even be the driving force for the 
production. We're also finding that if actors 
haven't been in a motion capture suit, they’re 
quite upset. They tend to really enjoy the process 
as they don’t have to spend huge amounts of 
time in make-up, and everything they are doing 
is based on imagination. Everything relies on 
their performance. 


Whatis the strangest subject you have 
motion captured? 

Probably wolves. It’s a big deal to get a motion 
capture suit on a wolf. The trainers worked with 
them for a couple of weeks to slowly get them 
used to the suit. The problem is that the wolves 
are very protective and territorial, so even 


DAY IN THE 


“It's a big deal to get a 
mo-cap suit ona wolf” 


though they reject the suit at first, once you get 
them used to it, it then becomes their suit and 
they don’t want to give it back. 


What qualifications and skills are required 
to work in the industry? 

We expect all our candidates to have a degree in 
animation, since all the work we do isin 3D and 
can be quite technical. Also, ina typical 
animation role, animators tend to be hidden away 
inabackroom, butina motion capture studio we 
tend to have people moving around. They might 
need to be out on the stage interacting with 
producers and actors, so we need them to be quite 
social. We do that because we find that people 
who work in post-production do much better 
when they also understand the shooting side and 
vice versa, So we move staff back and forth 
through that process. 


DAY IN THE 
LIFE OF 


Suits, 
cameras, 
action 


How a digital 
masterpiece is created 
using motion capture 


ilming a person prancing aroundina 

skin-tight suit covered with ping-pong balls 

might seem strange, butit’s allina day’s 
work fora motion capture animator. They can be 
tasked with animating characters fora wide 
range of different projects, from television 
commercials to entire video games and movies, 
and each one requires a great deal of creativity 
and skill. A project can take anything betweena 
couple of days anda few years to complete and 
may involve shooting on location, directing 
action-packed stunts and even working with 
animals, not to mention collaborating with 
big-name directors and actors. 


CALIBRATE THE CAMERAS 

8:40am 
Ona shoot day, some members of the Meceanenimarors 
team will arrive early to calibrate the edit the digital 
system. To do this, they wave a footage to create 


the finished product 


calibration wand, essentially a stick featuring a 
series of markers, in front of the cameras so 
they can all ‘see’ it at the same time. This 
enables the software to work out the position of 
each camera in relation to the others for more 
accurate motion capture. 


PREPARE THE LENSES 
8:50am 


As the camera lenses are curved, the 

software must also be calibrated to 

account for any distortion. This enables 
the 2D coordinates of the suit markers to be 
plotted accurately onto a 3D Cartesian grid, 
from which the 3D skeleton of the computer- 
generated character can be created. Without 
this step, the animated character would appear 
out of proportion. 


MEET WITH THE CLIENT 
9:00am 


Over breakfast and coffee, the motion 
capture team meets with the director of 
the project to discuss the brief. If they 


a 
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DAY IN THE 
LIFE OF 


are well practiced in motion capture, they will 
be able to help plan the shoot, but if they have 
not used the technology before then the 
animation team will organise the day and help 
guide them through it. 


SUIT UP 
10:00am 


The actor or actors will get changed into 
Q motion capture suits, which are usually 

skin-tight so that the markers can be 
placed as close to their body as possible. 
Markers are positioned at key points all over the 
torso, and facial features if required, helping 


the mo-cap system to capture even their 
slightest movements. 


PREPARE THE SET 
10:00am 


While the actor is suiting up, the team 
cy will prepare the set ready for the day’s 

shoot. To ensure the movements they 
capture are as natural as possible, they will use 
real-life props for the actor to interact with, 


such as platforms they can jump off from, or 
fake weapons they can wield. 


GET WARMED UP 
10:30am 


Once they arrive on set, the actor will 
SJ start to move around in front of the 

cameras to give the software a chance 
to learn where the markers are on their suit. 
The data it captures can be used to create a 3D 
digital skeleton based on the actor’s shape and 


size, which can then be animated based on 
their movements. 


On a shoot, the digital — o RECORD THE ACTION 


characters mimic the 
11.00am 


actors’ movements in 
real-time on a screen The mo-cap team and director are able 
to see the digital characters moving in 
real-time ona screen as they shoot, 
enabling them to give the actor direction and 
perform multiple takes until it looks just right. 
With mo-cap data, animators avoid = Throughout the shoot, the cameras are 
creating movement from scratch . 
re-calibrated every couple of hours to ensure 
the data captured is accurate. 


POST-PRODUCTION 
4:00pm 


When the mo-cap data has been 
© captured, the animators will start 

editing out set pieces, props and crew 
members, and ‘cleaning up’ the computer- 
generated characters to deal with any 
calibration errors that have occurred. This can 


take anywhere from a couple of days to several 
> on months, depending on the nature of the project. 


> iol 
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WWW.HOWITWORKSDAILY.COM How It Works | 015 


016 | How It Works 


The origins of the word ‘jungle’ lie in the Hindi word ‘jangal’ and the Sanskrit word ‘jangala', meaning ‘wilderness’ 


The animals may not talk in this green tropical utopia, but their lives 
and habitat are every bit as dramatic as Disney’s new blockbuster 


udyard Kipling’s literary masterpiece The 
Jungle Bookwas first published in 1894. 
Since then the story of the man-cub 


Mowsgii, raised by wolves and on the run from the 


man-eating tiger Shere Khan, has becomea 
classic tale, immortalised in animation by Walt 


Disney himself in 1967. Now the much-loved story 


has received a Hollywood revamp, with 
incredible CGI animals anda star-studded cast 
bringing characters such as Bagheera the black 


The Be 


leopard and Baloo the sloth bear to life. But movie 


glamour aside, what is life really like in the 
jungle? How close are the similarities to the film 
and where do the real animals live? 

Kipling based his iconic tale in the lush Indian 
jungle, thought to be around what is now the 
Madhya Pradesh region. Here, areas of protected 
land support vast tropical forests, bordered by 
open grasslands and swampy rivers and lakes. 
The monsoon rains and changing seasons make 


ngal tiger 


Shere Khan is a suave and ruthless man-eater, 


and although it is very rare for wild tigers to 
attack people, the predatory instinct remains 
f ' 


| 


> 


, 


ita wildand unpredictable place, and the 
animals that live there are both rugged and 
beautiful. Bandhavgarh National Parkin 
particular has the highest density of Bengal tigers 
known inall of India, as wellas ruins ofan 
ancient fort covered in thick moss and ferns. It’s 
an environment where you can easily imagine 
King Louie swinging through the trees, or Kaa 
slithering out of the mist, through the vines that 
creep into every available space in the canopy. 


Camouflage 
As patchy sunlight filters through the 
trees, the tiger’s stripes break up its 
silhouette, allowing it to blend well with 
the background. 


Keen eyes 
Front-facing eyes and binocular vision give 
the tiger greater depth perception to aid 
hunting, and it can also see excellently in 
low light. 


Rough tongue 
A tiger’s tongue is covered in tiny 
projections that give it a rough texture. 
This helps it rasp meat off a kill, and clean 
away the traces. 


Muscular build 

A strong, muscular body helps the 
beast leap, climb and swim. 
Loose skin on the belly 
protects against any 
kicking prey. 


Sturdy paws 
Giant paws act as 
paddles in the 
water and allow for 
quiet creeping on 
land. The tiger’s 

huge claws can 
seize prey and 
provide grip 
for climbing. 


Solitary hunters Prowling the jungle alone, a tiger will wait patiently for the perfect moment to pounce 


Stealthy stalking 

Tigers are cunning, silently tracking their 
prey until they’re close enough to launch an 
attack. With excellent camouflage and large, 


padded paws, the big cat creeps slowly forward. 


WWW.HOWITWORKSDAILY.COM 


When the prey is between six and nine 
metres away, the tiger will use its powerful 
back legs to lunge and pounce. It dispatches 
prey with a swift bite to the back of the neck. 


— 


Secretive eating 
Tigers don’t like to share their meals, so 
once the prey is secured, it will drag the killtoa 
safe, secluded place where it can eat. Some 
tigers will cover their leftovers to save for later. 


© Thinkstock; Dreamstime 


How It Works | 017 


The orangutan a 


many different fruits, as 
The real-life King Louie is a well as honey, bark and 
supremely intelligent ape, ™ insects. Their long fingers 
with an amazing array of sS make foraging easy. 
skills for jungle life . 


_—_ 
z A 4 ~~ v 4 
Swinging ~*~ 


3 Swinging through the . 
trees hand over handis | 2 - \ 
: 8 


called ‘brachiation’ - 


] it’s efficient and helps Ls 
“ maintain strength. . x . 
of one 
Flexible feet ~ fi 
As well as four long fingers a.“ 4 
and an opposable thumb, they 1 
also have four long toes and 
. an opposable big toe. ne 
Nesting ‘i 
Perfectly suited for life in the 1 
trees, orangutans make nests in Females 9 
the branches to sleep in, padded Orangutans are usually a t 
with leaves and grasses. solitary, but females may } : r k 
often have one or two babies 3 = q 
with them. A) — ~ os. 
Umbrellas ; 


Some orangutans 
have been witnessed 
using large leaves to 


h Amazing memory ~ 
aA Orangutans can recall 4 


shelter themselves - where hundreds of fruits = 
from the rain. - ggti’ ' are found at different cca 
- : —_ - . ff ms times of year, in various 


j a forest locations. 
Males y : 

Male orangutans 
are much larger 
and can grow hefty 
cheek pads and 
throat pouches. 


Orangutans are / 
known to.use tools to 
break open fruits with 
tough, husks 


Super strength Arms and legs 


Strong and supple arms and legs With arms much 
help the orangutan move through longer than his legs, a 
the trees, and flexible hips allow it male orangutan’s arm 

to hold on in any direction. span can reach 2.4m. 
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Sloth bears can be easily recognised by the distinctive white 'V’ or ‘Y’ shaped marking in the fur on their chest 


However, because Kipling never tied the story 
to aspecific geographical location and used 
artistic license with the types of animals that 
lived there, the setting could be adopted by any 
one of the world’s tropical forests. The terms 
rainforest and jungle are often used 
interchangeably, but they are actually two 
distinct ecological areas. 

Atropical rainforest is a technical term fora 
biome characterised bya hot and humid climate 
and very tall trees, reaching up to 75 metres into 
the sky. Very little light reaches the ground, and 
the forest floor is often covered in decaying leaf 
matter dropped from above, which keeps the 
ground fertile. To walk through this type of 
rainforest is fairly straightforward, in contrast to 
walking though areas of jungle where you would 
have to cut a path through dense undergrowth. 
This is because ‘jungle’ describes an area witha 
lot of green, tangled vegetation. The plants grow 
thick and fast and the vines weave throughout, 
creating a dense and sometimes impenetrable 
web of sprawling greenery. 

Patches of jungle appear in rainforests where 
sunlight can reach the ground. This often occurs 
in areas fringing the banks of rivers, where light 
from the open river course floods the forest and 
there is a ready supply of water, creating perfect 
growing conditions. Jungle can also appear in 
natural or man-made forest clearings, where the 
tall trees have been removed and light is let in to 
foster the flora below. 

The plants that make up this dense tangle of 
undergrowth, as well as those that live in the 
rainforest environment are all perfectly suited to 
their hot and humid tropical home. The towering 
broad-leaved hardwood trees that form the 
backbone of the rainforest have huge buttress 
roots that anchor them into the thin but nutrient- 
rich soil, providing stability and strength. The 
leaves are waxy and tapered in shape, known as 
‘drip tips’, which help to channel the rainfall off 
the leaves and onto the canopy below. This 
distributes the water throughout the layers of the 


trees. Shedding excess water also helps to prevent 


the growth of fungus and bacteria in the warm 
and humid conditions. Similarly, tree bark is thin 
and smooth to prevent any other plants taking 
hold and growing on its surface. These types of 
plants are called epiphytes, and include mosses, 
ferns and brightly coloured orchids that grow on 
other species of plants in order to gain height and 
get closer to the sunlight. Bromeliads are 
epiphytes that can bring miniature ecosystems to 
the forest canopy - attaching to tree branches, 
their large waxy leaves collect water and provide 
ahome for aquatic critters. Frogs can hatch from 
tadpoles living 30 metres in the air. 

Other masters of jungle life are the liana vines, 
woody climbing plants that use the tall trees as 
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The sloth bear 


Looking like part anteater and part dog, this dishevelled 


bear is the inspiration behind Baloo 


Shaggy fur 
Thick fur protects the 
skin from insects, 
makes the bear 
appear larger to scare 
off predators, and 
also allows cubs to 
hold on tight. 


Long claws 
Elongated, curved 
claws are perfect for 
digging in loose soil, 
climbing trees, 
excavating ants and 
termites, and holding 
on to honeycomb. 


Flexible snout 
The bear has a long 
tongue and flexible 
lips, allowing it to 
blow away dirt and 
obstacles, access 
termite holes and pick 
out tasty morsels. 


Special teeth 

A gap in the bear’s 
sharp upper teeth 
allows it to suck up its 
favourite foods of 
termites, ants and 
honey with loud 
slurping noises. 


Adapted 
nostrils 
The sloth bear can 
open and close its 
nostrils at will, which 
allows it to keep dirt 
and insects out of its 
nose as it eats. 


- od 


ladders to reach the sunlit forest canopy. Once the 
destination is reached, lianas then spread out up 
high, their roots in the ground supplying water 
and nutrients to the sprawling mass above. 

Where sunlight is at such a premium, plants 
have adapted nifty strategies to maximise their 
chances of survival, such as having holes in their 
leaves and arranging fronds in specific ways so as 
to not throw shade on themselves. Leaves also 


tend to get larger the higher they get, making the 
most of the available light. 

Tropical pitcher plants obtain their food from 
other sources. These strange jungle botanicals 
have a ‘container’, complete with lid, filled with 
an enticing liquid to attract insects. The aroma 
can be sweet or pungent, depending on the 
preference of the prey. When the unsuspecting 
creepy crawly falls into the pitcher, downward 
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Jungle climber Tree cats 

The python is usually found Leopards are tree 

on the ground, but can also dwellers, using their sharp 
move well in the trees, and ~ claws for climbing and 

~ « swim through water.  * \ong tails for balancing on 
jungle branches. 


The Indian 
black leoparc 


Meet the animal that Bagheera is based on, 
plus Kaa the cunning Indian rock python 


Giant snake 
Measuring an average of 3.5m in 
length, Indian rock pythons hunt 

mammals and birds, wrapping up 
and constricting their prey. 


Sharp senses Sy 
As nocturnal 


predators, leopards / ie 
have acute hearing ; @ 
and smell. Long, | ’ 


sensitive whiskers 
help them to 
navigate through 
dense undergrowth 
at night. 


- Stealthy stalkers 
Leopards hunt using the 

) element of surprise. An 

agile physique and dark 

colouring keeps them 

hidden before the pounce. 


Cubs 

Females usually 
give birth to a 
litter of two. 
Cubs stay with 
their mother 
for around 

two years. 


4 RY 
sey 
a0eGy 


2 


gel 
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“Indian black leopards 
gre so at home in the 
trees that they will 
drag a kill into the 
branches to devour it” 


Leopard locations 
These graceful cats can be 
found in sub-Saharan and 
northeast Africa, Central 
Asia, India and China. 


=~. 7 


their feline cousins, 
home in the water and 
will sometimes feast on fish. 


facing spines preventitsescapeandtheplantcan order to survive. The entire web of plants, 
start to digest its cleverly caught snack. animals, birds and insects works in harmony, 
The amazing array of plants in the rainforest employing strategies such as camouflage, stealth 
form the base of the food web, supporting every and strength, as well as specific adaptations for 
animal that lives within, from the birds and bats snaring their favourite foods. For example, the 
that nibble on the flowers, leaves, fruits and Amazon rainforest’s toucan has evolved its large 
seeds, right the way through to the rulers of the billas a feeding tool. It is lightweight and helps 
realm, the elephants, big cats and primates. The the bird to pluck fruit from branches that are too 
plants also relyontheanimalstoeatanddisperse flimsy to support the bird’s weight. 


their seeds and pollinate their flowers. Kipling’s charismatic animal characters are all 
Inan environment suchas the Amazon perfectly adapted jungle dwellers. King Louie, the 
: rainforest, where there are thousands of species leader of the monkeys, isan impressive male 
‘OO0ts.of some trees can : = ‘ : c ‘ ‘ 
ano up before se ey ae per square kilometre, allcompetingforspaceand orangutan. The Disney film portrays him as an 
blending with the trunk » > ik food, the animals need savvy adaptations in all-singing, all-dancing great ape who is 
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Tigers have 30 teeth, and their canines can grow up to gcm long 


An Asian elephant in the 
Bandhavgarh National Park - a 
real-life jungle that inspired 
Rudyard Kipling’s story 


fe aby 


i hae A, : 
desperate to advance into the realms of 
manhood, butin reality orangutans are 
incredibly intelligent but solitary animals. There 
are just two species, and they are found only in 
the rainforests of Sumatra and Borneo. Many of 
the rainforest primates share similar adaptations 
with the orangutan, suchas long, strong limbs 
and flexible hands and feet for swinging through 
the trees. Many species also use a prehensile tail 
for balance, although orangutans don’t have this. 
The character of Baloo, the carefree bear who 
sings that catchy tune in Disney’s animated 
version is based ona sloth bear, native to India 
and surrounding regions. While they're not 
known to sail down a river on their backs 
humminga famous ditty, they are indeed keen on 
eating ants and honey, so when Baloo sings “take 
a glance at the fancy ants, and maybe trya few,” 
he’s singing the truth. Sadly, due to habitat 
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constrictors, choosing to 
squeeze their prey rather 


a 


destruction and poaching it’s thought that there 
are less than 10,000 sloth bears left in the wild. 
Kipling borrowed the Hindi word for bear, 
‘phalu’, and the local name for tiger, ‘sher’ makes 
an appearance too. The Bengal tiger character 
Shere Khan is the undisputed king of the jungle. 
In real life Bengal tigers, although being 
incredible predators, aren't as bloodthirsty as 
Shere Khan, who wants to destroy the man-cub 
before he grows into a hunter. Blending in 
seamlessly to their surroundings with a striped 
coat, Bengal tigers also sport two dots on the 
backs of their ears - these can look like huge eyes, 
designed to fool any adversary into thinking that 
the tiger is even larger and fiercer than itis. 
Mowsgli’s friend and mentor Bagheera isa 
similarly majestic big cat, anda jungle giant when 
it comes to the food chain. Indian black leopards 
are so at home in the trees that they have been 


§Amazonian Huaorani Indians huntingwith 
\ blowgunsiin the Yasuni National Park, Ecuador 


Indian rock pythons are 


a7 


than poison i ~ 
ad te 


known to drag a kill into the branches to devour it 
above the ground. 

The largest animal to romp through the jungle 
is the majestic elephant. African forest elephants 
live in the fertile rainforest of the Congo Basin, 
and Indian elephants are known to roam forests 
and scrubland across Asia. They help to maintain 
the forest ecosystem by making clearings in the 
trees for jungle to grow, andalso help to disperse 
the seeds ofa huge number of plant species. 

It’s thought that Kipling was inspired by stories 
of children being raised by wolves when he was 
writing about Mowgli. There are certainly some 
tales of ‘feral’ children being found in the wild but 
whether these hold any truth is unclear. Wolves 
don’t inhabit jungle, as the undergrowth is too 
dense for the pack to hunt. However, they do roam 
open grasslands in Madhya Pradesh, the region 
that provides the backdrop to the story. 

The world’s rainforests are home to over 30 
million species of plants and animals. These huge 
areas of forest regulate our climate by cycling vast 
amounts of water and absorbing carbon dioxide 
from the atmosphere, replacing it with the oxygen 
we breathe. They're home to indigenous tribes, 
and contain incredible advances to science. Yet 
sadly, these complex ecosystems are 
disappearing at an alarming rate as landis 
cleared for logging, mining and agriculture. 

Measures are being taken to protect many 
areas, as wellas introduce more sustainable uses 
of the forest, in an attempt to preserve the 
ecosystem. However, most experts agree that we 
are still losing upwards of 300 square kilometres 
of tropical rainforest every day and destruction 
rates are 8.5 per cent higher now than in the 1990s. 
If their homes continue to be eradicated in this 
way, the real-life counterparts of Bagheera, Baloo 
and King Louie will only exist in works of fiction. 


© WIKI; Corbis; Alamy 
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Indigenous people of Indonesia and Malaysia call orangutans ‘oran hutan’, which means ‘person of the forest’ 
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Predicting the weather 


Discover the method that helps us prepare for the elements, come rain or shine 


he weather affects us all, every day. From collected and analysed. Every day,around500,000 + anumerical model of the atmosphere. The process 
governing the difference between life and observations are received, including atmospheric involves many complex equations, and the Met 
death, to providing a conversation topic to measurements from land and sea, satellites, Office’s IBM supercomputer can do more than1,000 
fillawkward silences ata party, itisanever-present weatherballoonsand aircraft. But, thisis still not trillion calculations a second, running an 
and ever-changing part of life. This means that enough to represent the weatherineverylocation. | atmospheric model witha million lines of code. 
predicting it accurately is a hugely important task. To fill in the gaps, the data is assimilated. This Forecasters can use this data and techniques 
In the UK, the Met Office is responsible for combines current data with what is expected, to such as nowcasting - using estimates of current 
weather monitoring and prediction. Beforea provide the best estimate of the atmospheric weather speed and direction - to predict the 
forecast can be put together, measurements from conditions. To produce an accurate forecast, the weather in the hours ahead. For longer range 
thousands of data recorders across the world are data has to be fedintoasupercomputer that creates forecasts, further computer models are relied upon. 


Data collection 
Data from receivers all over Station 
the world is transmitted to a 
variety of hubs such as the 
World Meteorological 
Association in Switzerland. 


Launchable 
sounding probe 


Land-based data Data from the air 


Instruments on land measure Satellites, weather balloons 
temperature, atmospheric : (carrying radiosondes) and 
pressure, humidity, wind speed Radiosonde aircraft all measure various 
and direction, cloud cover, parameters like temperature and 
visibility and precipitation. composition of the atmosphere. 

Meteorological 
station 
Small weather stations take local * 
readings, with thermometers for * Aircraft 
temperature, hygrometers for 

a 


humidity and barometers to j 
measure atmospheric pressure. | 


Boat 
Buo' 
Thousands of small weather a) y 
stations across the world Marine 
feed data back to sounding 
meteorological hubs probe 


Ship measurements 
Specialised ships, research craft and 
volunteer merchant vessels take 

marine measurements and send the 
data to be analysed. 


Autonomous Underwater Vehicle 
AUVs can remotely cruise the depths, and 

send back data regarding ocean temperature, 
salinity and density. 


The maximum 
depth reached 
by the AUV. 


Data from the sea 
Ships and buoys measure water temperature, salinity, density 
and reflected sunlight, as well as wind speed and wave data. 
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DID YOU KNOW/? In 300 BCE, Greek philosopher Theophrastus wrote a book listing over 200 ways to forecast weather 


4 Radiosonde 

This small instrument is 
attached to a helium or 
hydrogen balloon and takes 
airborne measurements 

of pressure, temperature 
and humidity. 


Meteorological 
aircraft 

Data comes from either 
specialist meteorological 
planes, or from the 
automatic recordings of 
commercial flights. 


Hurricane Hunters 
These modified Lockheed 
P-3 Orion aircraft, which 
are equipped with 
state-of-the-art 
instruments, and a highly 
sensitive Doppler radar. 


4,270m 


The altitude reached 
by the P-3 aircraft. 


local predictions. 


Navigation lights ; 
Anemometer 
Data transmitter 


Solar panel 


Weather buoys 
Either tethered or 
free-floating, buoys are 
furnished with 
instruments to take 
meteorological 
measurements where 
ships can’t or don’t go. 


Meteorological centres 
All of the data recorded is assimilated 
> in these centres, as well as being 
analysed and distributed for more 


= 


<j 


= 
15,000m MY 


The altitude reached 


by a radiosonde. g 


13,000m \ 
The altitude reached by G-IV 7 4 


aircraft, which drop sounding 
probes towards the ground. 


Satellites 

Geostationary and polar orbiting 
satellites record data and 
produce imagery to show 
forecasters fog coverage, cloud 
height and precipitation. 


10,000m 


The altitude at which 
specialist meteorological 


Launchable sounding probe 
Dropped from an aircraft, this probe can 
Jet measure wind velocity, temperature, 


aircraft can reach. G-IV humidity and pressure as it falls. 
y 
r iS : 
Doppler rada Parachutes _ The future of forecasting 
=a) prolong airtime 


New modelling techniques that 
account for changes in humidity, 
temperature, wind velocity and 
cloud activity could make 
forecasting more accurate. 


Radiosonde sends 
information to base 


Scale: 12km 
per slide 


Current 
365m model 
y. — The altitude 

: reached by an 


aerosonde drone. 


Aerosonde model 


This unmanned research 
craft is capable of 
sampling and recording 
weather data swiftly 
and accurately. 


Strongest winds Scale: 1.3km 


per slide 


“Every day, 
ground 500,000 
observations are 
received from 
land and sea" 


Radar station 
Radar is used in 
meteorology to measure the 
intensity with which rain, 
snow, sleet or hail is falling. 


Maritime sounding probes 
Dropped from aircraft into the sea, 
these probes are often called 
‘dropsondes’ and can sample and 
transmit data back to base. 
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EVERYDAY 


FROM THE MIND-BLOWING TO THE MUNDANE, WE REVEAL 
THE SCIENCE BEHIND LIFE’S LITTLE MYSTERIES 


él 


df 
f 


y 


“ 


Slow dribble 

In a standard teapot, as 
the pour slows, some of 
the liquid ‘sticks’ to the 
spout and then drips off. 


Fast pour 
When poured 
quickly, the tea 
leaves the spout ina 


meres Why do 
teapots drip? 


Liquid resistance 

New teapot designs could 
include hydrophobic 

coatings to help the tea to 

roll off the spout - 
without dribbling. 4 


Fluid dynamics researchers at the University of 
Lyon in France have been hard at work finding 
Spout width out why teapot spouts are so prone to dripping. 
Thinner spouts may They found that these post-pour spillages are 
ater paetsn ante down to the ‘hydro-capillary’ effect; as you 
cannot make the sharp POur the tea, some of the liquid tracks down the 
turn needed to separate outside of the spout. This is influenced by the 
from the main flow. shane of the spout, how fast the tea is poured, 
and how water-repellent the teapot is. Metal 
teapots with straight-edged spouts are much 
—_ less prone to dripping than their curvy 
= ~~ porcelain counterparts. 
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Beer is less likely to spill than coffee because the foam on the top provides some stability 


Why does 
coffee spill? 


Researchers at the University of California, 
Santa Barbara, recorded volunteers as they 
carried coffee cups to expose the secret 
behind the spill. What they found was that 
it’s all down to a combination of cup size, 
coffee fluid dynamics, and the way we walk. 
Fluid sloshing inside a container tends 
towards a natural frequency, a bit likea 
liquid pendulum. This varies with the size of 
the cup and the properties of the liquid, but 
for coffee in a regular mug, the natural 
frequency is close to walking rhythm. As you 
walk along, the liquid starts to sway and little 


irregularities in your step amplify the effect. 
he es ou paren the me likely you Researchers Whether dropped aa 
: y 7 yy advise walking is safe to eat dep = 
are to spill. “on slowly and not on the type ee 
: : ae oge 
Putting a lid on your cup can actually make filling the cup to number of path ee 
the top present on the 


things worse. As the coffee sloshes, some 
creeps along the underside of the lid, and 
climbs up the side of the cup. When these two 
streams collide, they shoot out of the 
drinking hole, creating a coffee volcano. 


hy does 
the mind 
wander? 


The ‘default mode’ for the brain 

tends towards introspection and 

daydreaming, but witha bit of effort 

we can switch to ‘focus mode’ and 

perform complex tasks. However, if 

these tasks are repetitive, the mind 

can start to wander and we can 

make mistakes. The technical term 

for these momentary lapses is 

‘maladaptive brain activity 

changes’, but colloquially, they are 

known as ‘brain farts’. 
Researchers at the University of 

New Mexico discovered that you can 

spot these ‘brain farts’ coming a 

good 30 seconds before people 

make an error by using 

functional magnetic resonance In 2000, the Ig 

Ni saretin PEtOnE nee ImGLInG imaging (fMRI), which monitors ‘See 
can be used to light up the the blood flow to different Aaiardeditan 


active parts of the brain parts ofthe brain. levitating afrogin | 
a magnetic field 


© WIKI; Dreamstime; Illustration by Nick Sellers/Art Agency 
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Toast can go from pasty white to charred and 
black in just a few seconds, but what is it about 
bread that makes it so prone to burning? The 
answer can be found in its chemistry. 

Bread in its simplest form is made from wheat 
flour, yeast and water. The flour contains 
carbohydrates (long chains of sugars) and 
proteins (long chains of amino acids), and these 
are the key ingredients of a chemical reaction 
known as the Maillard reaction. 

The sugars in bread (which include glucose, 
fructose, maltose and lactose) contain chemical 
groups called aldehydes (which have the 
formula -CHO). At temperatures above around 
140 degrees Celsius, these groups start to react 
with the amino groups (-NH2) found on amino 
acids in the wheat proteins. This is the first step 
in the process of turning bread into toast. 

The products of these reactions are unstable 
and quickly rearrange into chemicals called 
Amadori compounds. These then go on to react 
even further, making a variety of colourful 
compounds with distinctive smells and tastes. 

The rate at which your bread turns to toast, 
and then to charcoal, depends on its 
composition, and various sugars and amino 
acids produce different flavour and odour 
molecules when they undergo the Maillard 
reaction. In general, the drier the slice, the 
faster these reactions occur, and the quicker the 
toast will brown and then burn. 

Alkaline breads (like those made with baking 
soda) should brown faster than acidic ones, and 
breads and buns glazed with milk or egg will 
colour more quickly thanks to the extra protein 
content on the surface. 

Be extra careful when making fruit toast; the 
sugars will start to caramelise and will turn to 
crunchy carbon if left in the toaster too long. 


Is it worth hitting the 


_snooze button? 


Step 1 
During the first stage of the Maillard 
reaction, a sugar and an amino acid combine. 


The taste 
of toast 


Complex chemicals 
are responsible for 
the distinctive smell 
and taste of toast 


1 Bread 


F Bread contains proteins 
Sugar (glucose Amino gro 
DsicerGaicose)  @O rmirogae QO creostemmeg wan) Gnadeofeminoeorid or 
carbohydrates (sugars). 
Step 2 


2 Heat 

At temperatures above 
140°C, amino acids and 
sugars start to combine. 


The structure made in step one undergoes 
rearrangement, forming an Amadori compound. 


3 Sugar 

The sugars found in bread 
include glucose, fructose, 
maltose and lactose. 


eee 4 Amino acids 
There are 20 amino acids, 
Step 3 @ each with a slightly 


The compound made in step two can undergo further 
reactions, producing a range of different molecules. 


different structure. 


5 Glycosylamine 
Sugars and amino acids 
combine to form unstable 
compounds called 
glycosylamines. 


é 


Reductions 


6 Ketosamine 
Glycosylamines are 
rearranged to form 
ketosamines, also known 
as Amadori compounds. 


7 Products 

Various chemicals can be 
formed as the ketosamines 
continue to react. 


Fission products 


Browned or burnt? 
Different types of bread 
will undergo the Maillard 
reaction at 
different rates. 


Filaments 
When an electric current 
flows through these thin 

wires, they heat up and 
glow red hot. 


Radiation 

The filaments are spaced 
apart and radiate heat from 
both sides, cooking the bread 
quickly and evenly. 


Pop-up 
A thermostat or timer 

usually controls when the 
toaster turns off, releasing a 
spring to pop up your toast. 


The snooze button can feel like a welcome relief, but it might be 
better to set your alarm later and get up right away. Your sleep goes 
in cycles, beginning with a couple of minutes of dozing, followed 
by 10 to 20 minutes of light sleep, and then slipping into a longer 
period of deeper sleep. You cycle through around every 90 
minutes, and as the night goes on, light sleep gives way to 
dreaming. It might feel good to put the alarm on snooze in the 
morning, but you'll already have broken the cycle, and the little 
bursts of light sleep won't make you feel any better when you 


finally kick back the duvet. 
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On average, g person spends almost 600 hours dreaming per year, during periods of REM sleep 


Do I really 
look and 
sound like 
that? 


When you look ina mirror, the reflected image of 
yourself is a mirror image; you see yourself every 
single day back to front. If your face were 
symmetrical this would not matter, but because 
there are little asymmetries, it means that you 
mentally store a backwards picture of what you 
look like, and when you see your image the right 
way round, it can look strange. 

The sound of your own voice can be even 
stranger. When you hear someone else speaking, 
the sounds travel through the air as vibrations, 
hitting your eardrum and causing it to vibrate. 
This moves fluid in the inner ear, which pushes 
against hairs and sends signals to the brain. 

When you speak, the sound reaches your ear in 
a different way. Not only are you picking up the 
vibrations in the air, you are also detecting 
vibrations inside your own head. As you make the 
sounds with your vocal cords and tongue, the soft 
tissues in your head and neck vibrate, and so too 
do the bones in your face. These additional 
vibrations make your voice sound lower. When 
you hear your recorded voice, you don’t get these 
undertones, and the higher-pitched version of you 
can seem very odd indeed. 
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We are so used to 
seeing our mirror 
image that a 
photograph can 
look really strange 


we hear— 
The sound of : 
your own voice is 
all in your head 


Eardrum 
Changes in air 

pressure cause the 
eardrum to vibrate. 


Auditory 
canal 
External sounds, 
such asa 
recording of your 
voice, enter the 
ear as pressure 
waves in the air. 


Facial bones 
Vibrations made by the 
voice box also travel 
through the bones and soft 
tissue of the head and neck. 


Cochlea 
The vibrations of the 
eardrum are transmitted 
into fluid inside a coiled 
structure called the cochlea. 


Sensory hairs 

The vibrations in the fluid are 
detected by tiny hairs, which 
trigger nerve signals to the brain. 
Lower pitch 

The internal vibrations make our voices 

sound lower inside our own heads. 
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Why do we Seeing faces 


see faces 2 oe teed 
every where? 


From religious figures on slices of toast to aliens 
on Mars, faces pop up in the strangest of places. 
The phenomenon is known as pareidolia, and 
happens thanks to a part of the 

brain called the fusiform face 

area, which is specially adapted 

to detect faces. If we see ’ 
something that even vaguely 
resembles a human visage, it lights 
up. Researchers at the University of 
Toronto found that this rapid 
processing occurs in the prefrontal 
cortex (which handles what we 
expect to see) and the posterior 

visual cortex (which processes what 
we actually see). When people believe 
that they should see a face, their brain 
will do the rest. 


Screen glare 
An anti-glare filter on 
your monitor can 
reduce the strain on 
your eyes. 


Blink rate 

j You are likely to blink less 
- often when using digital 

: screens, So your eyes can 

= get dry and tired. 


Eye breaks 
Focusing on a near object 
for long periods tires out 
your eye muscles, so give 
them regular breaks by 
looking at distant objects. 
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DID YOU KNOW/? The word ‘earworm’, to describe a song stuck in your head, comes from the German ‘ohrwurm’, meagning‘earwig’ 


get stuck in 


“our heads? 


This irritating phenomenon has many names in 
the scientific literature: imagined music, 
involuntary musical imagery, involuntary 
semantic memories, intrusive songs, or slightly 
disconcertingly, ‘earworms’. 

Hearing a song played ona loop inside your 
own brain is very common; the majority of 
people have experienced it, and for many it is at 
least a weekly occurrence. Playing music, 
listening to songs and singing can make it 
happen more often, and although people most 
often mention it when it becomes an irritation, 
it isnot always unpleasant. 

Earworms fall into the same category as 
spontaneous recollections of memories and 
mind wandering, and seem to be intrusive 
thoughts that are beyond our conscious control. 
Trying to get to the bottom of the science 
behind them is challenging, because 
researchers have to rely on the subjective 
reports of study participants, often through 
diaries and surveys that track the occurrence of 
earworms, and the effectiveness of different 
strategies to try and make them go away. 


“Hearing a song played 
on a loop inside your 


own brain is common” 


One of the most popular ways to deal with an 
earworm seems to be just to leave it alone; 
enjoy the song, ifyou can, and allow the 
thought to pass. If that fails, distraction is 
another popular coping strategy, or some 
people even resort to engaging with the tune, 
listening to it in real life to get out of the loop 
inside their head. 

However, there is a major problem to be 
overcome; the more you focus on whether your 
attempts to get rid of the song have been 
successful, the more your brain is likely to go 
back to looping the song again. This is an idea 
famously explored by psychologist Daniel 
Wegner in his paper, Ironic Processes of Mental 
Control. He points out that by monitoring 
whether or not you have managed to 
successfully get rid of athought, you might just 
trigger it to start up again. 
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Getting 
rid of 
earworms 


These popular 
strategies might help 
your brain to forget 
that annoying song 


music 


THE EARWORMS 
ANOTHER SONG 


Doing an anagram 

Studies performed at Western 
Washington University showed that 
anagrams could provide some relief from 
earworms. Puzzles that aren’t too 
challenging proved more successful than 
trying very complicated tasks. 


Chewing some gum 

Researchers at the University of 
Reading tried giving chewing gum to 
volunteers after they had listened to 
catchy songs. Movement of the jaw is 
thought to interfere with short-term 
memory and the ability to imagine sounds 
in your head. 


Replacing the song 

In studies performed in Finland and 
England, a small percentage of 
participants reported using ‘cure’ songs to 
relieve the frustration of an earworm; by 
listening to well-liked classics, they 
distracted themselves from the unwanted 
song in their head. 


Solving a sudoku 

Western Washington University 
researchers reasoned that performing 
complex non-verbal tasks could also help 
to keep earworms away. Easy sudokus 
were most effective, while challenging 
puzzles prompted the mind to wander. 
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The pH scale | 


What do the terms acidic, neutral and 


alkaline really mean? 


he pH ofasolution is a measure of how 

acidic or alkaline it is on ascale in which 

ois the most acidic, 7 is neutral, and14 is 
the most alkaline, but what are we measuring? 
Let’s start in the middle. Pure water has the 
chemical formula H,O, andis essentially made 


from two bonded ions: hydrogen and hydroxide. 


All of the ions are in pairs, one hydrogen bonded 
to one hydroxide, and the pH is neutral. 

Acids have extra hydrogen ions that do not 
have hydroxide ions to pair up with, and for 


Indicator strips change 
colour depending on the 
pH of a solution 


every step down in the pH 

scale, the concentration of 

these extra ions increases. Solutions of pH 6 have 
ten times the concentration of hydrogen ions as 
solutions of pH 7. Solutions of pH 5 have ten times 
as many again, andso on. 

Alkaline solutions have extra hydroxide ions. 
The concentration increases tenfold with every 
step up on the pH scale. Ifyouadd anacidtoan 
alkali, the extra ions can come together to form 
water, bringing the pH back towards neutral. 


Everyday pH Find out where everyday substances sit on the pH scale 


——— 


Battery acid 


Lemon juice 


Acid rain 


Sprouts 


Sea water 


er. 
¢ - 
—— 

Antacid tablets 4 


@ Bleach 


‘Acidic’ 


Stomach acid 


Fizzy drinks 


Nf 


Clean rain 


Baking powder » 


Drain cleaner 


Alkaline 
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Lightning 
rockets 


We find out how scientists 
make lightning bolts by 
firing rockets into clouds 


ightning happens when water droplets and 
ice particles rub past each other inthe 


clouds. Electrons are stripped away, and the 
bottom of the cloud becomes negatively charged. 
This charge gradually builds up until it is 
released, meeting with positively charged 
particles from the ground ina bolt of lightning. 

It might be one of nature’s greatest shows of 
strength, but by using a stretch of copper wire 
attached to a rocket, scientists can trigger 
lightning of their own. Kevlar-coated wire is 
attached to a rocket at one end, and to the ground 
at the other. The rocket is then shot into stormy 
clouds. As it flies upwards, the wire uncoils, 
forming a conductive path to the ground. 

As the rocket heads towards the clouds, 
positive charges climb up the wire from the 
ground, and negative charges from the clouds 
start to reach down. The wire glows as it conducts 
electricity, and soon the heat generated becomes 
so great that it explodes. After the first flash, there 
isa delay, and then lightning, which travels 
through the path left by the vaporised wire. 


This lightning strike 
was triggered by 
scientists at the 
University of Florida 
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Resistance is Futile 


Pearson have exciting opportunities for Science practitioners 
to become Standard Verifiers for our BTEC Applied Science qualifications. 


Being an SV is a great way to: 


@ Boost your income ® Gain valuable insight into the assessment process 
@ Enhance your teaching 


For more information and how to apply, please visit our website 
www.edexcel.com/aa-recruitment or email us at aaresourcing@pearson.com 


We only make science puns periodically 


ALWAYS LEARNING PEARSON 


Your one-stop shop for the unusual and collectable 


« New ranges arriving monthly 
¢ Real insect desktop ornaments in gift boxes 


* Real insect educational sets including the life cycle of the honeybee 


+ Real insect and butterfly jewellery 
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Coming soon: 
Limited edition life-like cobra incense tower. Do you know a creative-minded 9-17 year old? 


Due to arrive April 2016. See our website for more details. At Tech Camp, they’ll build computer games, robots and quadcopters 
whilst learning coding & tech skills for tomorrow’s world. 


With expert tutors from the likes of Cambridge & Imperial and maximum 
groups of eight, all great young minds will find they like a think. 


Book a place now ona Tech Camp 2016 holiday course. 


.org.uk 


www. Sratepnlic Aabicsead ere os. co.uk 
Email: info@dmrls.co.uk 
Phone: 07710 802786 


Inspiring Tomorrow’s Inventors 


Green tea prevents cancer 


This commonly consumed beverage is well known for its potential 
anti-cancer properties, but the evidence is conflicting and far from 
confirmed. The chemicals thought to be responsible are called catechins, 
which are a type of compound known as polyphenols. These are also found 
in cocoa, prunes, vinegar and barley, among other foods. In 2009, the 
Cochrane Group gathered together 51 studies that have attempted to relate 
green tea to cancer prevention, including results from more than 1.6 million 
people, but they could not prove the link. 


= ———= 


— — Eating celery results 
== in negative calories 


Celery is a popular diet food because of its low calorie content, 
but the idea that it takes more energy to digest than it 
provides to your body is a myth. Celery is tough, watery and 
full of fibres, and in a whole stick there are only around 10 
kilocalories, but according to nutritionists, the energy you burn 
chewing, digesting and extracting this measly morsel is around 
five times less than that. In fact, according to a study of energy 
expenditure while chewing gum, it would take around an hour 
of chewing to burn the calories found in a stick of celery. 


Broccoli reverses 

= diabetes damage 

Cruciferous vegetables (like broccoli, cabbage, kale and 
sprouts) are packed with fibre, vitamins and other nutrients, 
but the health claims about phytochemicals with miraculous 
abilities to fight cancer, diabetes and other health conditions 
are overblown. ‘Phytochemical’ just means ‘plant chemical’, 
and the one that people are particularly interested in here is 
called sulforaphane. In the lab, it seems to reduce free 
radicals made by damaged blood vessels, but this doesn’t say 
all that much about the real-life effects of eating broccoli. 


The human body is much more complex than a test tube, and 
eating whole foods is very different to consuming purified 


SS chemical extracts. 
ral - 


Spinach Is packed 
with iron 


The commonly held idea that spinach is a good source of iron is 
attributed to the fictional character Popeye, but he actually 
preferred the leaves for their vitamin A. It is also often said that 
the amount of iron in spinach was miscalculated by a nutritionist, 
who put the decimal point in the wrong place and multiplied the 
value by ten, but this too seems to be an urban legend. The great 
strengths of spinach are its vitamins K, A and C. Gram for gram, 
it contains the same amount of iron as red meat, but it is ina 
form that is trickier for the body to absorb. 
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Scientifically, there is no such thing as a ‘superfood’ — it is just Gg word used in marketing and the media 


eye har = —ee 
—= = Redwineisgoodfor == 


| A wheatgrass > your heart = 


shot has more - Red wine contains a chemical called resveratrol, which has —— 
i Me been found to have some beneficial effects on blood vessels 
nutrients than and circulation in test tubes and in laboratory animals. 
f However, whether drinking wine itself would protect humans is 
. 1k of ve not known. In several studies, the amount of resveratrol used 
i g g would be the equivalent of drinking several bottles of red wine 
} Wheatgrass is supposed to pack a huge a day, and the alcohol content of the drink, although possibly 
\ nutritional punch, and the standard heart-protective at low levels, can raise blood pressure if 
' 30-millilitre shot of juice comes with consumed to excess. Many foods and drinks contain beneficial 
1 several health claims. The fresh shoots “== chemicals, but when taken as a whole package, the effects are === 
do contain vitamins and minerals, ———. much more complicated. 
including zinc, iron and vitamins A, C and . : —— —_- 
E, but the idea that these little green ————_—_—_ a 


leaves squeeze in more nutrients than 


any other vegetable is untrue. Gluten free foods are 2 


Wheatgrass is about as nutritious as : z = 
= other green veggies, like broccoli, but in = a healthier option —————— = 


Juiced, shot fon, it doesn’t even count == Rice, potatoes, tapioca, buckwheat, and other gluten-free 
as one of your five a day. — : f ‘ ere : : 

grains are increasingly finding their way into products on our 
supermarket shelves, but are they really healthier than 
standard breads, biscuits and cakes? These products provide 
a safe alternative for the small percentage of the population 
who experience a damaging immune response when they eat 
wheat. However, if you do not have coeliac disease or a gluten 
allergy, avoiding wheat is unnecessary and potentially 
unhealthy. Whole-wheat products are rich in B vitamins and 
fibre, while gluten-free alternatives are often higher in fat and es 
sugar to make up for their unusual taste and texture. —_—— 


| 


| 


| 
| 
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uw 


ae <= : . = a aes 


Beetrootisthe § 
elixir of life — 


In 2010, a study investigating the effects of beetroot juice on —=—— 
exercise performance in nine young, healthy men suggested ey 
some benefit in delaying exhaustion. This was an interesting = 
observation, but a headline that it inspired was blown out of aoa ee benetie 


proportion; a national newspaper reported that beetroot juice 
might be the “elixir of youth”, potentially helping the elderly to 
become more active. The study had not tested the juice on older (22) = 
people, and the sample size was much too small to be sure that —— 
the findings would apply to the general population. Catchy nen 
headlines can often misrepresent the underlying science. 


i ies = ——T 


Sa == 
Oily fish boost 
brai ipower . 

Eating the omega-3 and omega-6 fatty acids that are found in 
oily fish is good for us, but the claims that they boost 
brainpower are not backed up by scientific evidence. A 
two-year study of fish oil supplements in older adults found no 
difference in cognitive function, and a review of the evidence 
performed in 2006 found no reason to believe that omega-3 
could help with dementia. One of the studies used to claim that . 
omega-3 improved memory actually looked at whether it . a 


4 protected against oxygen starvation in the brain, and did not ease 
test memory at all. ae. +o 


= . — — _ 
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Spicy s you live longer a 


those who ate spicy food several times a week were less likely to die than those who did 
not. However, before you stock up on chillies, remember that correlation does not equal 
causation; just because two things share a pattern, they may not be directly linked. As the 
study authors explain, many other factors could be influencing the results, such as the 
speed of eating, the amount of rice eaten to calm the chilli burn, or something else entirely. 
» More research is required to untangle these complexities. 
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The head of a safety 
match is all about fuel; 
the spark comes from 
the matchbox 


The chemist 
of matches 


The secret of fire comes down to one 
key chemical element: phosphorus 


he head of a safety match is 
coated ina cocktail of chemicals & 
= selected to produce an instant 
flame, but the secret to the perfect strike 
is in the matchbox itself. 

The strip along the side of the boxis 
made from a combination of ground 
glass and red phosphorus. As the match 
rubs against this rough surface, the 
friction heats the phosphorus, which 
transforms into white phosphorus in 
the air. White phosphorus 
spontaneously combusts, creating the 
spark to start the fire. 

This is where the match head comes 
in. The end of the matchstick is coated 
with a combination of glue, ground 
glass, sulphur and a compound called 
potassium chlorate. As the spark hits, 
the potassium chlorate starts to break 
down, releasing oxygen and fuelling the 


fire. This enables the sulphur to catch 
light, and as it burns, the wood 


underneath ignites too. 


The perfect power nap 


When to set the alarm to wake up feeling refreshed 


10 minute 

A ten-minute nap is barely 
sleeping at all. Within this 
short time, the body slips 
into light sleep; a state just 
between asleep and 
awake. Dozing can be 
beneficial if you need a few 
minutes to relax, but you 
might not get the full 
effects of a proper nap. 
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20 minutes 

Napping for 20 minutes 
will take you down into the 
second stage of sleep; 
body temperature drops 
and breathing evens out. 
You are relaxed, and 
asleep, but waking up 
should still be easy. Just 20 
minutes provides the most 
refreshing nap. 


S50 minutes 

A long nap could see you 
slipping into deep sleep. 
Blood pressure falls, 
muscles relax, and 
breathing slows. Waking 
up is much harder, and can 
leave you feeling groggy. 
Set an alarm for 90 
minutes, when you'll have 
cycled out of deep sleep. 


STAGE OF SLEEP 
Awake 


Dream sleep 


Light sleep 


loderate sleep 


Deep sleep 


This is an example of a 
healthy adult sleep cycle 


5 6 
HOURS OF SLEEP 
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It would take infinite energy to get even the tiniest electron to reach the speed of light 


BACKGROUND 


Light is electromagnetic radiation, 
and the word is mostly used to 
describe the parts of the spectrum we 


can see. It travels fast and in straight §& 


lines, but exactly how it does this is 
complicated. Isaac Newton favoured 
the particle theory, saying that light 
travelled in packages called 
‘corpuscles’, while 17th century 
mathematician Christiaan Huygens 
proposed that light moved via waves, 
like sound. In fact, light is carried by 
particles called ‘photons', which do 
travel and behave a bit like waves. 


1S OTHE DAES ONT DAS OTS F 


N BRIEF 


In 1801, physicist Thomas Young 
shone a beam of light through a 
pinhole, and allowed it to hit a piece 
of card with two slits. If light were 
carried by particles, it should have 
passed through the slits, lighting up 
two distinct spots. Instead, it formed 
bands, leading him to conclude that 
light is made up of waves. In 1860, 
James Clerk Maxwell extended this 
idea by explaining that light is 
electromagnetic waves, made up of 
electric and magnetic fields. 


However, in the 1900s, Max Planck 4 


and Albert Einstein showed that 
electromagnetic radiation is divided 
into packets of energy called quanta, 
indicating that light is made up of 
particles, now known as photons. 


The two-slit experiment showed 
that light behaves like waves 


“ei ree : 


SUMMARY 


Physicists use both particle and wave 
metaphors to explain how light 
travels, and both ideas are valid. 
Photons behave like waves, and light 


can be described as both particles and § 


as waves, or as neither. 
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Separating the spectrum | 


> Prisms can be used to reveal the rainbow 


of colours hidden in white light Prism 


Light travels at different 
speeds through 
different materials. 


White light 
White light contains 
wavelengths 
representing all of 
the colours of the 
visible spectrum. 


Refraction 
As light hits the 
angled edge of the 
prism, it slows 
down and 
changes direction. 


Rainbow 
We can see seven 
distinct colours of 
visible light. 


Dispersion 
Blue light is slowed 
more than red light, 
separating out the 
colours of the rainbow. 


Bending lig ht As light travels from one material to another, its path can bend 


Angle of incidence 
When light hits a new 
material at an angle, it slows 
down and its path bends. 


At an angle 

If light hits at 90 degrees, 
it will keep travelling ina 
straight line. 


- -~e 


Bending light 
Light moves at different speeds 
through different materials. 


Angle of refraction 
The amount that the light 
bends depends on the 
properties of the materials. 


THE SPEED OF LIGHT 


THE SPEED OF LIGHT IN A VACUUM IS 300 
MILLION METRES PER SECOND. THIS IS THE 
SPEED LIMIT OF THE UNIVERSE; NOTHING CAN 
TRAVEL FASTER. BUT LIGHT DOESN'T ALWAYS 
| MOVE THIS FAST. IN AIR, WATER AND OTHER 
MATERIALS, LIGHT INTERACTS WITH PARTICLES 
AND SCATTERS, SLOWING IT DOWN. 
IN AIR, LIGHT IS ONLY SLOWED DOWN A 
ij LITTLE BIT, BUT IN WATER, ITS SPEED DROPS 


lion areenenanig-ggn pe smenaneereLETTneates sen enters ee ee ee ee 


ee ae 


Total internal reflection 
The angle of refraction cannot be 
more than 90 degrees; at this 


point, the light is reflected. 


EPO Oe 8 SEDO SE SPLAT OA BED GEL ST OIE OBE OEP (FOR me oe ee OOH LT OED OE Oe os OO hal OLN OR NE EE REELED ERT, NRT LR ern oe > 


TO AROUND 226 MILLION METRES PER 
SECOND, AND IN GLASS, DOWN TO 200 : 
MILLION METRES PER SECOND. MOVING 
THROUGH DIAMOND, IT IS SLOWER STILL, AT 
AROUND 150 MILLION METRES PER SECOND, 

AND RESEARCHERS AT HARVARD UNIVERSITY |) 
MANAGED TO SLOW IT DOWN TO A MEASLY 17 
METRES PER SECOND BY SHINING IT THROUGH 
EXTREMELY COLD SODIUM ATOMS. 
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magine pushing your hand down flat ona 

block of butter; some of it will squish out on 

either side of your hand, but you have to 
work quite hard because you are mostly 
pushing the butter down, not sideways. Now 
try again with your hand vertical, as ifyou are 
performing a karate chop. This time it is easier 
to make a dent, because your contact area with 
the butter is smaller so you don’t need to push 
so much of it downwards. 

Like your vertical hand, a knife is a wedge. It 
converts the downward force you put on it into 
sideways force that separates an object into two 
halves. The sideways force stretches the bonds 
that hold the object together until the 
molecules are so far apart that the bonds are 
snapped. The thinner the knife edge, the easier 
it is to start off the process and this corresponds 
to the sharpness of the blade. 

The angle of the wedge also makes a 
difference. An axe blade has a shallow angle 
that converts a lot of the downward motion of 
the axe into sideways force against the wood. 
This is essential as wood is very springy and the 
fibres must be forced a long way apart before 
they will split. However, for something delicate 
like raw fish, or a tomato, you need a very acute 
angle on the blade. Too much sideways force 
will crush the rest of the flesh. If you try to cuta 
tomato with an axe, you will make a mess, no 
matter how sharp the axe is. 


Self-sharpening blades 


Some knife sets incorporate a grinding stone in the 
knife block so that each blade is sharpened as you 
push it back into its slot. But a truly self-sharpening 
blade is built from alternating layers of hard and 
soft steel, or steel that has a crystal ‘grain’, 
comprising hard and soft layers. As the blade saws 
back and forth, the hard layers grind down, but the 
softer layers in between wear faster, so the blade 
always presents a saw-tooth profile of hard points. 


You can see the alternating 
hard and soft layers of steel 
in the vertical lines on these 

self-sharpening scissors 
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How knives cut 


The cutting-edge science behind chopping up food 


Sharpest knife in 
the drawer 


Each blade is designed to cut ina 
different way 


Chef’s knife 
The base of the blade is flat 
for chopping, but it curves 
slightly towards the tip so 
that you can place a hand 
on the back and rock it 
quickly back and forth. 


Carving knife 
The long straight edge cuts 
neat slices of meat, and 
the thin blade reduces the 
amount of friction as the 
knife sinks deep into a 
large joint or roast. 


Magnifying 
force 


Just as a magnifying glass 
concentrates the light from a 
wide lens into a narrow spot 
at the centre, a knife 
concentrates the force from 
your hand and arm into a 
thin line at the blade’s 

edge. The sharper a knife, 
the narrower the contact 
area at the cutting surface. 
Since pressure is equal to 
the force divided by the area, 
a smaller contact area 
produces a higher cutting 
pressure from the same 
amount of force. This high 
pressure makes it easier to 
push the blade into the 
object you are cutting. 
However, sharp blades have 
delicate edges that wear 
away more quickly, so they 
need regular re-sharpening. 


<@— Same force — > 


Small 
area 


Dull knife 


Sharp knife 
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Obsidion con be made into knives 200 times sharper than a razor blade, with an edge just three nanometres wide 


Utility knife A sharp knife is \ 4 , 


A smaller version of the chef’s safer than a blunt 
knife. Both of these are designed one, as you are 
d as general-purpose knives but less likely to slip = 
4 the utility knife allows more while chopping 
gf precise slicing of smaller objects. 
r 


Cleaver 
Cleavers are used for chopping 
like an axe. The blade is wider 
and heavier to give it extra 
momentum and the edge is 
tapered at a steeper angle so it 
doesn’t blunt so quickly. 


Bread knife Paring knife 

A serrated edge acts like a The very short blade % 
line of tiny knives that allows it to be easily 

alternately cut and release. controlled when you are 

This allows springy food cutting off the chopping 

like bread to bounce back board, and the sharp point 


instead of getting squashed __is useful for making the 
by a straight-edged blade. initial incision. 
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Miniature worlds 


Find out what these enclosed ecosystems can teach us 


all the resources you need to survive and 

where the only outside input is sunlight. This 
is howthe three shrimp that arrived ina package 
from EcoSphere Associates, Inc- a company that 
builds tiny enclosed ecosystems - not only 
survive, but thrive. The small glass globe is filled 
with seawater, algae, microbes, a tree-like 
gorgonian and gravel. 

After receiving a similar globe of shrimp, the 

famous scientist Carl Sagan said, “Our big worldis 


How the 
EcoSphere works 


With a little sunlight, the shrimp 
can feed themselves 


| magine if you lived in an enclosed sphere with 


Shrimp 

The shrimp living in the ecosystem 
are then able to breathe in the 
oxygen produced by the 
algae, and breathe out 
carbon dioxide that the 
algae then uses, and 
soon. 


Food & oxygen 


4 


earoen 
recycling 

The algae feed \ 
off inorganic and 
dead material, 
and use carbon 
dioxide in the 
water to produce 


oxygen asa 
waste product. 
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very like this little one, and we are very like the 
shrimp...[but] unlike them, we are able to change 
our environment.” If you think about it, 

the EcoSphere is very much like our 

own world - everything we need for life is 
contained on our planet, with only sunlight 
coming from beyond. The Earth and the shrimp’s 
globe are both enclosed ecosystems where 
sunlight is turned into energy through 
photosynthesis, where oxygen and carbon 
dioxide are recycled and where dead organic 


LIVING SHRIMP 


Living environment 
The gravel and the 
gorgonian are locations for 
microbes to hook onto, 
where the shrimp then 74 
go to feed. 


CO, & organic nutrients 


The only input from outside 
the ecosystem is energy 


matter decomposes and releases nutrients back 
into the system. 

The shrimp breathe oxygen and exhale carbon 
dioxide, and the carbon dioxide is absorbed by 
algae to produce oxygen. For the EcoSphere to 
survive, the cycling of energy, oxygen, carbon 
dioxide and nutrients must be carefully balanced, 
and the shrimp must not eat algae faster than it 
can regrow. Too little sunlight, or using resources 
faster than they are replenished, could spell 
disaster for both Earth and the shrimp’s world. 


Sunlight 


from sunlight. 


¢ 
¢ 
¢ 
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CO, & organic waste 


Self- 
sustaining 
As long as you 

keep the 

ecosystem 
somewhere that it 
can receive 
sunlight, you don’t 

need to do 
anything else - 
the ecosystem is 
then able to loa 
after itself. 


Algae 
The seawater 
inside the 
ecosystem is filled 
with algae, which 
use energy from 
the Sun to 
photosynthesise. 


aa 
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Born to GEEK? 


Come to Tech Camp where you'll build computer games, robots and 
quadcopters whilst learning coding & tech skills for tomorrow’s world. 
Best of all, meet other 9-17 year olds proud to call themselves ‘Geek’. 
With expert tutors from the likes of Cambridge & Imperial and maximum 
groups of eight, come and let your inner geek run wild! 


Book a place now on a Tech Camp 2016 holiday course. 


Contact us on 01202 586442 
.org.uk 


Inspiring Tomorrow’s Inventors 


adinfo@imagine-publishing.co.uk 


, , ; , ll now 
Don’t convert your garage, improve it! Create space for Modular cabinets Ca 
y garag p I for a FREE 


a workshop, a fitness area or simply a tidy and secure Clip-on wall storage = Design Survey 
storage area, with Dura’s award winning cabinets, wall Interlocking floor tiles and see how 


H -¢£ sli g ar! . . 
system and floor tiles - and reclaim space for your car DIY or install service you gerege 
: could loo 


For a FREE brochure, call 0845 371 0055 or visit www.duragarages.com 


Alternatively, return NAME b . 
this slip in an envelope ' i ) re_ 2. 
(no stamp required) to; ADDRESS . Pete ee 


Freepost RSLX-YXCA-GUTJ, 


Dura Ltd, St James Road, 
10MAR16 Brackley NN13 7XY 


itted Garages 
Europe’s Leading Garage 
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Jack White has on app thot plays a 360-degree video of one of his gigs when viewed using Google Cardboard 


his is the year when virtual 

changes life as we knowit. 

according to research fro1 
which predicts sales to reat 


Comfortable design 
The padded eyepiece and 
adjustable head strap enable 
you to wear the headset for 
long periods. 


VR work? 


The kit that transports you 
into virtual worlds 


Several mobile headsets that require your 
smartphone to work are already available, but itis 
the high-end connected kits that will really show 
off what VR can do. The Oculus Rift and HTC Vive 


are the current front-runners, with the former 3D audio 
Built-in headphones create 3D 


already available to pre-order ier eee $600 surround-sound audio total eiaeane 
(£425) and expected to start shipping in March. the virtual environment feel even , ><a 
These headsets feature built-in displays, are more realistic. Adjustable lenses 
: ; The headset’s lenses canbe 
powered via a cable and require external sensor adjusted to suit your eyesigh 
systems to track your movements. enabling you to use it even if \ 


you’re wearing glasses. 


Tricking the brain 


How do VR headsets fool you into 
thinking virtual worlds are real? 


Stereoscopic display 
VR headsets use dual lenses or 
a split-screen display to put a 

slightly different image in front 
of each eye, recreating your 
normal stereoscopic vision. 


Motion tracking 
Built-in accelerometers 
and gyroscopes, or 
external sensors, work out 
the position of your head 
so the image can be 
adjusted accordingly as 
you look around. 


Total immersion 
The headset blocks out 
any other light, and 
headphones can be 
worn to block out 
sound, eliminating any 
distractions from the 
real world. 


Normal vision 

When you see the world, each 
eye records the scene from a 
slightly different angle and your 
brain puts the two views together 
to create one 3D image. 


Smooth footage 

The VR footage needs to refresh 
at a high frame rate to avoid any 
noticeable flickering that could 
leave you feeling nauseous. 
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DID YOU KNOW? Social media giant Facebook bought Oculus Rift for $e billion (£1.3 billion) in 2014 


Virtual versus augmented reality 


Microsoft’s HoloLens may look like a VR 
headset, but it is in fact an augmented reality 
device. Rather then cutting you off from the 
real world to immerse you in a virtual one, the 
translucent screens that sit in front of your 
eyes overlay virtual elements onto what you 
already see. 

Forward-facing cameras and sensors on the 
headset analyse your surroundings so that the 
3D holograms can be superimposed onto the 


objects in front of you. For example, you can 
transform your living room into a Minecraft 
universe, or project video chat conversations 
onto your bedroom wall. What’s more, the 
HoloLens is completely wireless, as all of the 
computing power is built into the headset. This 
means they you can wear them like a regular 


pair of glasses as you walk around. 


Microsoft’s HoloLens is 
much more than a virtual 
reality headset 


J oth 


Unlike on previ 


controls t 
interface is built 


“A 


models, the chip oy 


rboard 


us Oculus 


he dis 
inins 


lay 
ead 


of being located in an 
external control box. 


__ front of each eye’ 
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| split-screen — 
display puts a slightly « 


Fi a ( 
different image in - 
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You can already ride virtual rollercoasters using a VR 
headset - so long as you can stomach the slightly 
nauseous feelings - but one of the UK’s biggest theme 
parks is now taking things a loop further. The new 
Galactica rollercoaster at Alton Towers requires each rider 
to pop on a VR headset, making them feel as though they 
are flying through space while they are in fact hurtling 
along a track at 75 kilometres per hour. 
For the adrenaline averse, there’s virtual cinema - apps 
that recreate the traditional movie theatre experience. 
Already available for the Oculus and Google Cardboard, 
they allow you to choose a seat and then enjoy the film : ; __ Galactica is the world’s 
without any annoying distractions from popcorn munchers. ; i first rollercoaster entirely 
That’s not all though, as film directors such as Ridley Scott ™ - customised for the full 
are already producing VR content that will enable you to : P ’ virtual reality experience 
step into the films themselves. 


The British Army is attracting new recruits by giving them a taster of army life using VR headsets 


A portable 

command centre 
The Virtusphere lets 
soldiers move freely ina 
virtual battlefield 
environment 
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Is VR good for your health? 


The groundbreaking applications in healthcare _ 


Inarecent report about the growth of virtual and 
augmented reality, investment banking firm 
Goldman Sachs estimates that the industry will be 
worth $80 billion by the year 2025. It also predicts 
that, aside from video games, healthcare will be 
one of the biggest applications for the technology. 
Already, VRis being used to train surgeons, 
allowing them to practise complex procedures ona 
virtual patient before they get to the real thing, and 
it can even be used to conduct roboticsurgeries too. 
Wearing a head-mounted display, the surgeon can 


rif 


Education 


Discover how VR can 
really bring lessons to life 


Imagine being able to visit outer space or walk 
with dinosaurs instead of just reading about them 
ina textbook. Virtual reality could transform the 
way subjects are taught in the classroom, and one 
company is already developing a library of 
experiences that can educate students ofall ages. 
“Virtual reality offers anew way to view the 
world,” says David Whelan, CEO of Immersive VR 
Education. “For the first time in humanity we can 
walka mile in other people's shoes.” The Apollo 11 
experience, for example, lets you step onto the 
Moonas Neil Armstrong. “This is much more 
powerful than reading about the moon landing in 
abook,” he adds. “Virtual reality has the potential 
to revolutionise education in the same way that 
reading and writing did thousands ofyears ago.” 
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control a roboticarm that is capabl 
smaller, more delicate movementst 
hands could ever manage, plusite 
operate on a patient remotely fron 
separate location. cid 


directly. Fore le, 
phobias and post 


Sui geons can better 
plan for complex 

Het bos urgeries with a 
ual image of the 

patient’s brain 


Virtual reality can enable students to 
experience events from history and 
impossible-to-visit places 


Virtual 
treatments 


How are you using VR to treat post-traumatic 
stress disorder (PTSD)? 

One of the typical treatments for PTSD is 
prolonged exposure therapy. You ask the person to 
close their eyes and imagine the trauma that they 
went through as if it’s happening right then and 
get them to describe it to you. By doing that 
repetitively in a safe and supportive environment, 
eventually the anxiety that it provokes in them 
diminishes. It sounds kind of counterintuitive at 
first but there’s actually quite a lot of research to 
support this. What we do with VR is simply to 
deliver this previous imagination-only approach in 
an immersive virtual reality simulation. 

We have developed 14 different virtual worlds 
that represent a diverse range of experiences, and 
the clinician is able to adjust them in real-time, for 
example to change the time of day or introduce 
sound effects. The patient does exactly what they 
would do in traditional exposure therapy, but the 
clinician then tries to mimic their experience in the 
simulation to enhance the effects. 


At the University of Southern 
California’s Institute for Creative 
Technologies, Dr Albert ‘Skip’ Rizzo 
and his team are using virtual reality 
for a number of game-changing 
clinical purposes. We spoke to him 
about their amazing work... 


What other clinical VR projects are you 
working on? 

One project is building a job interview training 
system for people with high-functioning autism 
- people that are very bright but have a difficult 
time with social interaction. We’ve built a 
simulation that has six different job interviewers, 
that can be set at three different levels, from a 
soft touch, nice interviewer to a more hostile 
interviewer that puts you ill-at-ease, giving them 
the opportunity to practise. We’ve also made 
virtual patients that give clinicians an opportunity 
to essentially mess up with a digital character 
before they get to a live one. 


Are there limitations of the tech in this field? 
The limitations right now have really diminished. | 
started in this game back in the early 90s, when it 
required a $200,000 computer, and you had bulky 
head-mounted displays with low resolution, limited 
field of view, poor tracking and primitive graphics. 
There was a network of people that wanted to do 
this work, but it was challenging because the 
technology really sucked. 

But now the technology has finally caught up 
with the vision. Computing power has consistently 
gotten better and faster, which is needed for good 
rendering, and of course the games industry has 
driven advances in graphic development that are 
phenomenal. So the limits right now are the limits 
of our imagination and the funding to evolve these 
applications and test them in a consistent way. 


Dr Rizzo uses virtual reality simulations to 
treat post-traumatic stress disorder 


DID YOU KNOW? VR could keep astronauts from feeling homesick on long space missions by providing virtual Earth experiences 


Virtual reality , = = 
helps astronauts 7 >! ' : : Virtual 
train for life and : i 


work in space world 


Stereoscopic tech will touch 
almost every industry 


Archaeology 


VR headsets enable 
archaeologists to walk 
around places as they 
would have appeared 
in the past, giving 
them a better 
understanding of 
what life was really 
like there. They also 
make it possible to see 
ancient sites that are 
otherwise too remote, 
dangerous or fragile to 
visit in person. 


Crime 
solving 


Based on factual data 
and photographs, 3D 
reconstructions of 
crime scenes can be 
created and explored 
using head-mounted 
displays. This enables 
investigators and even 
juries to examine the 
scene in great detail 
without contaminating 
any evidence, helping 
them to deduce what 
may have happened. 


Sport 


As well as creating a 
more immersive way 
to watch sporting 
events at home, 
virtual reality can 
also be used to 
improve the athletes’ 
performance. While 


Visualising designs in 


Engineer NG 3Dusing virtual reality 


When designing a new product, it’s difficult to allangles. For example, car manufacturers can 
get asense of what the finished item will be sit inside the design ofa newvehicle to make 
like from 2D illustrations. With virtual reality, sure it looks and feels right before they build Neer ‘ 

? : : : : training in a virtual 
designers and engineers canuse3D modelling _ the real thing. Any tweaks can easily be made simulation, their body 
to create virtual prototypes ofideas, and usea inthe 3D design, rather than creating a new se : movements can be 


head-mounted display to examine them from prototype from scratch. f : monitored in real-time, 
E F providing useful 


1 i feedback to improve 
/ 8 their game and help 
‘ them avoid injury. 


Tourism 


Before you book your 
next holiday, your 
travel agent may be 
able to give you a 
taster of your 
destination using 


mileroo ots . — virtual reality. 
HoloL ill y: . f p 
td — , Popping on a headset 
enable engineers 3 
2 will transport you to far 
tevlowsbs away places, and even 
interact with their yP see a 
: : let you visit locations > 
designs in 3D aff z e 
it’s not possible, or too s 
expensive, to travel to = 
in real life. © 
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Pinball 
machines 


How the ball gets rolling on 
this arcade classic 


oday’s pinball machines are much flashier 

and more sophisticated than their 

ancestors, but they all retain the same 
basics of gameplay. The object of the game is to 
keep the ball from going down the drain, while 
scoring as many points as possible. 

To launch the ball into the playfield, the player 
pulls back a spring-loaded plunger and releases. 
The tension of the spring can be manipulated 
based on how much the plunger is pulled, which 
is useful for aiming at specific targets. The 
playfield comprises one or more sets of flippers on 
each side, the only part of the game that the 
player can control once the ball is launched. 

Numerous other features that can affect the 
ball include kickers, slingshots, switches, 
spinners, bumpers, ramps, and targets. The 
backbox, or back glass, contains all of the 
machine's electronics and is covered with 
decorative art. The player must carefully time 
when they move the flippers, sending the ballin 
the desired direction and stopping it from falling 
out of the playfield. 


The player racks up 
points when their ball 
collides with targets 

t ,» 


Inside the game 


Take a look at the internal mechanisms that 


keep the game going 


Metal rod 

Players can attempt to 
move the ball by physically 
shaking the machine. The 
tilt mechanism keeps them 
from going overboard. 


Conductive ring 

Too much movement causes 
the bob to move and touch the 
conductive ring to the metal 
rod, completing a circuit. 


Pendulum bob 

If the bob touches the ring, 

the machine may then shut 
down, forcing the ball down 
the drain and forfeiting any 
points earned. 


Plunger 


The player pulls on the 
spring-loaded plunger 
to launch the ball into 


the playfield. 


Ramp 


Flippers 

Flippers are electromechanically 
controlled levers. Pressing the 
buttons completes a circuit, 
pushing the flipper up or down. 


Ball 

Pinball machines usually 
use either steel or 
chrome balls, although 
some use ceramic. 


This inclined plane sets the 
ball off on its first trajectory. 


Heated seats are a common 
add-on feature in cars today 
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How barcode J» 
scanners work 


Wait for the beep — find out how these i 
all too familiar scanners function —<— 


ead to a supermarket, take your groceries Inside a b a rcode scanner 


to the checkout and watch as the assistant How this device gets to work on your groceries 
passes your weekly shop through that 


little red scanner to tot up the total. As the tin of Moving mirror Mirror motor 
beans whizzes past, a laser hits the barcode, The oscillating mirror expands the laser This motor drives iim 
. ; . ; ; : beam and creates a ‘flickering’ effect. part of the laser scanner, the 
interpreting the information. This super-quick oscillating mi 
action is enough to calculate yourreceiptandalso Laser diode 
add the sale of the tin of beans to the store’s The laser beam is 
database of stock. Sener et ane 
projected though 

The scanners that large supermarkets use are the scanner. 
complex omni-directional readers that can 
decode barcodes even when they are crumpled, 
torn or plastered on odd shaped items. There are 
many other types of barcode readers such as CCD 
readers, but the principal of these is the same. 

There are three key parts to a barcode scanner: 
the illumination system, the sensor/converter 
and the decoder. A light source illuminates the 
barcode, which creates a reflection that can be 
read by the scanner and then interpreted. 

Alaser scanner uses a laser beam, which is 
expanded into a line using a mirror that oscillates 
back and forth, causing a blinking effect. The 
reflected light from the white spaces of the 
barcode is picked up by a fixed mirror, whichis 
then processed to create the digital and analogue 
signals that relay the information back toa 
central database. 


Mirror 
The reflection from the 
barcode comes back and is 
received by the fixed mirror. 


Barcode reading 

Light from the scanner hits the 
barcode. Black lines absorb the red 
light and white lines reflect it back. 


.& 67890 
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Phototransistor 
The photo detector senses the reflected 
light and interprets the signal. 


ff 


DID YOU KNOW? The study and scientific measurement of time, and also the art of clock-making, are both known as horology 


How wristwatches tick 


Keep time with the springs and gears of a mechanical watch 


efore you could check your smartphone, measured spring, wound into a perfectly When each of the cogs turns the next, the last 

and even before quartz batteries, a weighted cog known as the balance wheel. one in the chain moves what is known as the 

personal timepiece was an incredibly This wheel is able to move back and forth escape wheel. This wheel has large teeth on it, 
valuable commodity. There are two types of because it’s helped by another series of cogsthat shaped so that itjogsa piece called the pallet 
mechanical watch: ahand-woundwatchandan __ transfer energy fromthe winding pinalltheway _forkinto motion, which then in turn moves the 
automatic or self-winding watch. Although the to the balance wheel. This usuallyinvolvesthree balance wheel. As the balance wheel swings 
starting mechanisms are different, the cogs, and these correspond to the hour, minute back, the other side of the pallet fork knocks the 
movement inside is essentially the same. It all and second hands onthe face.Whenthesecond balance wheel again, andsoa back-and-forth 
comes from the back and forth motion of the hand makes a complete revolution, the minute swing motion continues, helping the watch to 
mainspring - thisisa tightly coiledand precisely hand has moved one graduation, andso on. keep perfect time. 


Watch jewels Telling the time How individual parts fit together so everything goes like clockwork 


When you see a watch that has a Watch face Gears Main spring Watch pins 

phrase like ‘I7 jewel’ inscribed on This is the part that These facilitate the transfer It needs a wind up every two Not involved in the 

the back, this is nothing to do with AP WTRVanrnren nmr of energy from the winding pin weeks or so to keep going and movement but important 
the watch face. It may) be adorned there’s plenty going on to the balance wheel, and move provide the constant and nonetheless, the pins attach 
with numerous precious stones On RWS Ith sieratses the watch’s hands. accurate ticking movement. the watch to the strap. 


the front, but this inscription 

refers to the gemstones (usually 

man-made sapphires or rubies) (3) 
that are contained within the 

watch’s mechanisms. 

These jewels are not precious 
gemstones and have no monetary 
value, but they are incredibly 
important for keeping the watch 
ticking smoothly, providing highly 
polished surfaces to decrease 
friction and improve accuracy. 

The jewels also increase the life 
of the watch. They are usually tiny 
- just millimetres in diameter - 
and come in different shapes for 
their specific jobs. There are two 
pallet jewels on the pallet fork that 
keep the balance wheel moving 
back and forth. There are also cap 
jewels, hole jewels and impulse 
jewels, among many others. 


Yate 


Here the cap and hole jewels are 
visible, providing smooth 
movement for the gears 


rll 
Chronograph watches have 
an extra hand that can be 


Hands Pallet fork Jewels 2 
Attached to gears behind the This is the little T-shaped fork The precision cut synthetic 2 
watch face, the hands turnin perfect (with pallet jewels) that connects the rubies help keep the gears £ 
unison to show the wearer the time. escape wheel to the balance wheel. moving smoothly and accurately. 8 
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Washing machines 


97 per cent of UK households own one, but how do they work? Ses 
Heavy concrete weights at the 
washing machine is essentiallya centrifugal force. This squeezes most of the top and around the drum 
colander inside a food blender, ontop of water out through the perforations in the drum prevent it from moving too 
A a kettle. The clothes are placed in the and a pump sends the waste water to the drain. peu MUL CR oS ybRe cles 
inner, perforated drum, which is surrounded Originally, washing machines were all s 
by an outer, watertight drum. The outer drum top-loading, but this meant that they couldn't —_ 


be installed under kitchen counters. The - 
risk with a front-loading machine 
though, is that it will flood your 


fills about a third of the way up with 
water from the cold tap, which is 
then heated by an electric 


element. A motor turns the kitchen floor if you open the és 
inner drum just fast door midway through the -_ 
enough that the clothes cycle. To prevent this, 
tumble against each the door locks shut 
other and dislodge the automatically and JL 
dirt particles. Most won't release until the Drum 
washing machines drain sequence has An inner, perforated, drum 
have an inlet for hot fully completed. holds the clothes inside an 
water as well, but this Another safety pacity aD 
is just to allow you to feature detects soapy water. 
take advantage of your excessive vibration and 
domestic hot water supply, automatically shuts off the 
which may be heated bya spin cycle ifthe drum is 
more economical gas boiler. unbalanced. This can happen if 

After the wash and rinse cycles, the you wash a coat or heavy jumper on its 
inner drum is spun much faster to press the own, but throwing in some towels at the same 
clothes against the walls of the drum by time will help to balance the load. 


: Gettin 
Different soaps [Pays Sain 


for different ol ks Even the latest models 


Washing machines don’t rub clothes very much, still use the same 
so most of the cleaning work must be done by simple design 
the detergent. Laundry detergent is designed to 
produce very little foam because otherwise the 
bubbles can work their way into the door seal Coil spring 
and leave sludge deposits. To prevent limescale Some door designs use a 
deposits in hard water areas, washing powder coil spring to hold the door 
contains phosphonates and zeolites that bind to seal in place, rather than 
calcium ions to stop them precipitating out of an O-ring. 
solution. Most washing powder also includes an 
oxygen-based bleaching agent to keep your 
whites bright. 
Biological detergents as — 
add enzymes to this mix, to diets Be 
digest specific tough 
stains, like blood and grass. 
But newer washing 
powders, which are 
designed to be kind to your 
colours, are actually the 
simplest formulations, 


Outer drum 
This is firmly bolted to 
the chassis using rubber 
mounting blocks to 
absorb vibrations. 


since they just omit both 
the bleaching agent and 
enzymes, and rely entirely 
on the detergent. 


rr i “A motor turns the inner drum just fast 


commercially available 


detergent that included Cor ae |) enough that the clothes tumble against 


bleaching agents 


each other and dislodge the dirt particles” 


054 | How It Works WWW.HOWITWORKSDAILY.COM 


DID YOU KNOW? Washing machines account for 13% of UK domestic water use. That's 145 Olympic swimming pools every day! 


Drum motor Controller board Soap tray 
A large motor bolted to the Temperature, drum speed and the Separate compartments allow 
underside turns the drum water flow are all controlled from here pre-wash, detergent and fabric 
via a rubber drive belt. according to the wash programme. conditioner to be dispensed at 


different points in the wash cycle. 


Door seal 

The rubber door gasket is held in 
place by a sprung metal O-ring 
that pushes outward against the 
side of the door opening. 


Inlet valves 
Electric solenoid 
valves open and 

shut the inlet taps 

to add more water. 


Drain pump 
Water leaves the drum 
through a pump at the 
bottom that includes a 

filter to catch floating lint. 


z 

= 

ov 

— 

J E 

; Concave door g 
Heating element The deep bow! shape of the door 3 
An electric heating element, like the encourages the clothes to fall = 
one in your kettle, keeps the water at towards the middle of the drum, yz 
the programmed wash temperature. so they get evenly agitated. 6 
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Inside a loud speaker Ous 
Hear that? It’s the sound of you learning about how speakers 
make noise 


hether you're listening to an in front ofa fixed, normal magnet. As electricity The pitch All speakers great and small 


audiobookthroughheadphonesona __ passesthroughthe coil of the electromagnet, the ofthesoundis use electromagnet 
mechanisms to pump out 


train or drowning in sound in the direction of the magnetic field rapidly changes. | governed bythe Fe id eee 
front row at a festival, the key to how electric This causes the electromagnet tocontinuallybe frequency ofthe 
speakers work is magnetism. repelled byandattractedtothenormalmagnet, vibrations, while the 
In their simplest form, speakers use an moving the cone-shaped membrane back and volume is controlled by the amplitude, or height, 

electromagnet to move a cone-shaped forth. The membrane pushes and pulls the of the sound waves. Some types of speakers use 
membrane that vibrates to make noise. Inside surrounding air molecules, creating waves of multiple cones of various sizes to replicate the 
the speaker, the mobile electromagnetis placed sound thatreach your ears. different frequencies ina piece of music. 
Inside a Harman speaker The key components that allow you to listen to music loud and clear 

Dust cap 

This covers the internal part 

of the speaker, stopping Spider spacer Magnet pot 


debris entering the voice coil. 
Magnetic gap sleeve 


Magnetic 
pole piece 


iH 


Lp nisi 


i) 


os 


7 


Local flux Magnet 
aches oF | stabilisation This magnet is fixed, and 
aske ring assembly works in conjunction 
Terminal with the voice coil to 
move the membrane. 
pen RH Sele Voice coil _, Global flux 
ae Mole By passing a current stabilisation ring 
spider, this keeps membrane is attached to : 
: } Fae through the coil, a 
the speaker aligned the voice coil, vibrating peo eae aie sraduced 
and in position. to create sound waves. eI H : 


Roasts, cakes, soufflés or 
just boiled eggs - the egg 
timer keeps tabs on time 


EXPLORE THE TECH INSIDE 
WW eA LLY XY 2 


ILS | 


)ROID'S iPAD PRO Vag 


».® 
ol) aa 
\— SEGWAY'S + AIMED 
Ad ROBOT CLEAN AGAIN! 
Pog (= sitin 9 GS aaa 


PY Aw 
\ / 
Gas. = 
a) 
f 
 orT. 
: os a 
pheles 


a9 fly che 
2 ae Hes 


Available 
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From concept to check-in, discover how passenger jets 
roll off the production line and take to the sky 


Design and testing 


Before building can begin, the aircraft 
must first be designed in great detail. 
Thousands of engineers across the world 
often work together to design one plane, 


and it can take several years to get it right. 


When designing an aircraft, there are 
four main areas to consider. First it must 
be aerodynamic, so that air flows around 
it with as little resistance as possible. To 
test this, engineers create computer 
simulations of the plane and examine 
how airflow and pressure will affect the 
body and wings when itis in flight. They 
then build ascale model of the aircraft 
and place it ina wind tunnel, where airis 
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blown towards it at varying speedsin 
order to test its flight performance. 

Next they must design the engines, 
making sure they are powerful enough to 
keep the aircraft in the air, fuel efficient to 
minimise running costs and pollution, 
and not too noisy. The way the plane 
handles in the air must also be 
considered, and so flight simulators are 
used to ensure it is easy and safe for the 
pilot to fly. 

Finally, engineers determine what 
material to build the aircraft from, 
considering strength, weight, durability 
and cost, and how exactly it will be built. 


Computer 
simulations help 
engineers see how 
air flows around 
an aircraft 


Wind tunnels are used to 
test the aerodynamics of 
aircraft models 
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By 2078, Airbus aims to be building ten A350 aircraft every month, completing one every two working days 


Making the parts 


Aplane is made up of millions of different parts, 
from the enormous fuselage shell to the tiny 
rivets that hold it together. Many are made by the 
aircraft manufacturer itself, while others, 
including the engines and landing gear, are 
produced by external contractors. A huge number 
of different skills are required to build an aircraft, 
from mechanics and electronics, to plumbing and 


- rR 
a 


ee 


How do jet engines work? the machines that turn fuel into thrust 


Fan 
The big spinning fan at the 
front of the engine sucks 
in large volumes of air. 
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painting, so it takes teams from all over the world 
to make the finished product. Coordinating the 
production ofa plane isa task in itself, as 
everything has to be made toa tight schedule and 
then transported to where it is needed for 
assembly. Plus, each part has to undergo rigorous 
testing to ensure it functions properly and is safe 
to use in the final aircraft. 


ta ae es 

Engineers building the aircraft 
spars, supporting beams that 
.§ run the length of the wings 


Compressor 

The air is then squeezed into a 
smaller area, slowing it down 
and increasing its pressure. 


Combustion 
chamber 
Fuel mixes with the air and 
is then ignited, giving off 
hot exhaust gases. 


Exhaust 
nozzle 
As the gases exit 
the engine, they 
are accelerated to 
over twice the 
speed of the 
incoming air to 
create thrust. 


Turbine 
The gases rush past a 
set of turbine blades, 
causing them to spin 
and drive the 
compressor and fan. 


Enormous ovens are used 
to harden the composite — ~ 
material on an aircraft 


Ho 


50% 
Composites 
Layers of carbon fibre 
are bound together 


with a polymer resin 
to make the main 


body of the aircraft. 


=, 
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The final 
assembly 


Putting together an enormous passenger jet 
requires an even more enormous building to do it 
in. Aircraft hangars are some of the largest 
buildings in the world, and are able to house 
several aircraft at once as they are passed from 
team to team along the assembly line. 

First though, all the parts need to get there, and 
this is done by road, river and even air. Cargo 
aircraft such as the Airbus Beluga and Boeing 
Dreamlifter, are designed specifically to transport 
large pieces of aircraft to the final assembly point. 

The individual pieces of the fuselage are 
fastened together using thousands of rivets, then 
the electrical and hydraulicsystems, plumbing 
and insulation are installed. Next the wings are 
connected, using laser alignment to ensure they 
are perfectly level, and the landing gear is fitted 
underneath. This is followed by the tail, vertical 
stabilisers and an auxiliary power unit, which 
provides power to the aircraft when the engines 
are turned off. The cabin and cockpit interiors are 
then added, complete with seats and toilets. 

Last ofall, the engines are installed, as these 
are the most expensive component of the aircraft, 
representing over a third ofits total value. Once 
assembly is complete, the plane is painted - this 
can take up to a week, depending on its size. 


Aircraft slowly move along 
the assembly line as new 
parts are added 

arg 


The engines are fitted last, as 
they are the most expensive | 
part of the aircraft J 
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Planes are assembled in 

huge aircraft hangars by 
thousands of engineers 


, - 


Giant cranes lift the parts of 
the fuselage in place, ready 
to be connected 
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Some aircraft hangars are so big that air circulation systems are installed to prevent clouds from forming inside 


STEP 4: 
In-flight testing 


If the aircraft is a new design, then the first few 
planes to roll off the assembly line undergo 
extensive prototype testing. This involves fitting 
them with a variety of sensors, and flying in 
extreme conditions, such as very hot and cold 
climates and really high altitudes. The individual 
elements of the aircraft are also tested, as the 
wings are forcibly bent to evaluate their strength, 
and dead birds are fired into the engines to see gia aeaiaies 
how they would cope with a bird strike. Aircraft are tested on their 
To ensure the plane can withstand the stress of ability tolandona 
multiple take-offs and landings, computer- awe ue 
operated hydraulic jacks place heavy loads on the 
airframe for extended periods of time, and the 3 [arn Bie : 
r= Aircraft wings must be able to 
plane may even be subjected to artificial lightning bend by nearly 90 degrees 
strikes to see how it performs ina storm. Once the !f without being damaged 
first few planes have been rigorously tested, all ==: =" 
successive aircraft are taken on their own test 
flights before they are deemed airworthy and 
delivered to airlines around the world. 


Ready for take-off! 
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‘yp TRANSPORT 


The first Triple E was delivered in 
July 2013, and named the 
Maersk Mc-Kinney Moller 


The world’s largest ship 


How this record-breaking vessel rules the waves 


he largest, most monstrous, hands- 
i down winner in the big ships size class 
is Maersk’s Triple E design. Only a few 
metres wider and longer than the previous 
world record holder (also made by Maersk), the 
Triple E offers 16 per cent more container space 
due to its wider, bulbous bow. 
The engine is also positioned further back to 
aid stability and allows for yet more containers 
to be squeezed in above and below deck. The 


18000 


The Triple E can carry 
18,000 20-foot equivalent 


1996 - pyiorranrraay Maersk Class 


unit (TEU) containers - 7,100 TEU 

that’s 2,500 more than pqreeslenarapraansaips 
Maersk’s second-largest 1997 - Sovereign Maersk Class 
vessel, the E-Class. One 8,100 TEU 

TEU can carry around six 

thousand pairs of trainers, 2006 - Emma Maersk Class 
so the Triple E can carry 15, 500 TEU 


108 million pairs - almost 
enough to provide 
everyone in Mexico with a 
set of sneakers! 


18,000 TEU 


Statue of Liberty 


Fi Airbus A320 Great Pyramid Eiffel Tower 
Sean Length 38m of Giza Height 324m 
London Eye Height 139m 
Height 135m 
Blue whale 
(average adult) 
——— Length 25m 


400m long x 59m wide 


The length of the Triple E cargo ship is slightly more than ten Airbus A320 passenger jets laid end to end. 
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2013 - Maersk Triple-E Class 


propellers are larger, and move slower to 
conserve fuel and reduce emissions, and the 
eco-friendly upgrades don’t stop there. The hull 
is designed to be completely recyclable, while 
the ship’s waste heat recovery system captures 
the heat and pressure from the exhaust and 
uses it to move turbines. 

Colossal ships like this often look rather 
top-heavy, but they manage to stay afloat due to 
buoyancy. The weight of water the ship 


6 $1905" 


The estimated build cost of each Triple E vessel is roughly 


ocmutieatt to the production cost of Star Wars: The Force Awakens. : 


165,000 


metric tons 


With a steel hull constructed from 425 

: individual pieces, the overall weight of the 

: Triple E is 165 thousand metric tons - 

i approximately the same weight as all the gold 
* ever mined, or 30,000 African bush elephants. 


less CO, 


The Triple E design is more 
environmentally friendly. 


13,500 nautical 
miles in 23 days 


Reaching a top 
speed of 23 knots 
(43km/h), the 
Triple E will travel 
the Europe-Asia 
shipping route, 
delivering Chinese 
imports such as 
appliances, textiles 
and car parts. 


displaces is equal to the weight of the ship, so 
the forces balance and it floats. 

The length of the vessel is so enormous that it 
has to be built in a way that can withstand the 
force of waves. To do this, cargo ships are made 
from flexible materials that can actually bend 
with the movement of the ocean. Inside the 
long corridors, it’s possible to see the walls 
flexing and distorting as the craft moves in 
heavy swell. 


2 giant 
propellers 


>A port of 
4 Shanghai, 
a China 


N«& _ 
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WIN A SCALEXTRIC 


ARC AIR SET 


Bring slot car racing to life with a revolutionary new system 


How to enter: 


For a chance to win a Scalextric ARC AIR kit 
worth over £200, visit howitworksdaily.com and 
answer the following question by 21 April 2016. 


system an innovative update, Scalextric set. New features include 

launching ARC App Race Control to wireless controllers, which allow you to 
merge the on-track racing experiencewith move freely around the track and vibrate to 
on-screen gameplay functionality. By alert you when you need a pit stop, as well 
attaching the ARC ONE powerbase to the as app updates on weather conditions and 


{ ast year, Scalextric gave theirslotcar | whichis compatible with any analogue 


In which decade did 
the first Scalextric set 


track you can wirelessly create and 
manage your races with your smart device, 
allowing you to set the number of laps, 
organise tournaments with your friends 
and even share your results online. 

Now the update has been taken to the 
next level with the ARC AIR powerbase kit, 


race incidents. 

To get your hands on this revolutionary 
newracing game experience, all you need 
to do is answer one simple question. Two 
lucky winners will each win a Scalextric 
ARC ONE System Set and ARC AIR 
Powerbase Upgrade Kit worth over £200. 


go on sale? 
A) 1940s 
B) 1950s 
C) 1960s 


Track layout 
List your track pieces 


Start your engines 


How ARC AIR lets you control the race 


Cars 
As you build your car 
ction you can log it in 
app to create your 
own virtual garage. 


Controllers 


The wireless controllers 
vibrate to give you feedback » 


throughout the race. 


This competition is open to residents of the United Kingdom and Ireland. Imagine Publishing has the right to substitute the prize with a similar item of equal 
or higher value. Employees of Imagine Publishing (including freelancers), Scalextric, their relatives or any agents are not eligible to enter. The Editor’s 
decision is final and no correspondence will be entered into. Prizes cannot be exchanged for cash. Full terms and conditions are available on request. 
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Balancing on a unicycle 


Get a handle on the forces that keep you upright on one wheel 


o balance onaunicycle, youhavetokeep balance,speedupandslowdown.Theriderhas countersteer to 
pedalling. It’s Newton’s first law: an to keep perfect posture, in alignment with the turn. This means 
object in motion tends to stayin motion. frame of the unicycle. Assoonashestartstotip, | movinginthe 


» Mountain unicycling, 


Maintaining balance, however,isthehardpart. he will fallas he isin unstable equilibrium. opposite direction to Oe: pe to ride 
Three forces are at work here: gravity, contact | However, he must tilt his body to move. where he wants to go. To os 

and friction. Gravity pulls the unicycle down and In order to go forward, the unicyclist leans make a left turn, for example, 

contact force with the ground pushes back. The forward. This means changing the point of he first steers slightly to the right so that he can 

surface that the unicycle is movingalongexerts contact to maintainthe centre ofgravity, which —_ leanto the left. It’s ajuggle of forces worthy ofa 

friction, which is what allows the unicycle to means continuous pedalling. He also has to circus. 


Forces in motion 


Three forces are at work 
during unicycling 


Contact force 
Contact with the 
ground pushes 
against the unicycle. 


Centre of mass 
Weight needs to be 
evenly distributed around 
the centre of mass. 


Gravity 
Gravity works to pull 
down the unicycle. 


Displacement 
When the unicyclist 
leans forward, he begins 
tipping and must pedal 
to keep from falling. 
Friction 
Surface friction 
allows the 
unicycle to move. 


Le 


Burnouts are an impressive 
sight, as well as a great way 
to quickly ruin your tyre tread 


Some refrigerants contain chlorofluorocarbons that damage the ozone layer, but these are now being phased out 


Your car’s air 
con explained 


The subtle engineering that is sure to keep you cool This coo Ming 
* ona chemical 
behind the wheel refrigerant to work 


ike its stationary counterparts, the air compressor. Acting as the heart ofthe process, the _ pressure, 

conditioning unit in a car works on much compressor forces the vapour into a high- allowing it to pass 

the same principle. The process is broken pressure state, causing its temperature to rise. into the evaporator. 
down into four main stages - evaporation, This hot air passes through a condenser, which The refrigerant has a very low boiling point and 
condensation, compression and expansion-with uses fansto cool the refrigerant gas into a liquid. so becomes a gas again, even at the temperature 
each playing a vital role. It all starts when you The cool liquid is then pumped into a receiver, ofthe car cabin. Heat from the air drawn in by the 
press the A/C button on your dashboard. which removes any moisture or ice crystals that fans on the dashboard is then absorbed by the 
First off, arefrigerant gas(usuallyPuronorFreon) coulddamage the circuit. Finally, itis pumped refrigerant, and the coolair that remains is 
is pumped through aseries of tubes bya into an expansion valve that reduces its overall pumped into the car’s interior. 


Riding in comfort 


A crash course in how air con works The fan The cycle continues 
As soon as you turn on your A/C ) The refrigerant, now a low- 

re the fan will kick in, but it’s only - pressure gas again, is pumped 

ompressor blowing out room temperature a=) back into the compressor and 


That air needs cooling, so 
the compressor takes a 
stored refrigerant gas and 
squeezes it to increase its 
pressure and temperature. 


air at this stage. 


“_ 


4 x the process continues. 


Condenser 
That hot, high- 
pressure air is then 


pushed through a set \\\ "Q | 
of coils and cooled ) | | >| 


with fans into a liquid. 


Relieving Expansion Cool air 
pressure and absorption With the hot air 
The expansion Still moving through sucked into the 
valve then relieves its tubes, the refrigerant-filled 
the pressure on the refrigerant returns to tubes, the cool air 
refrigerant, helping a gaseous state and is then pumped 
it transition from absorbs heat from the via a fan into the 
liquid to gas. air drawn in by the fan. car’s interior. 


Filtering 
The receiver then cleans the refrigerant of 
ice crystals and impurities before it’s 
pushed into the expansion valve. 


——T 
A brief history of A/C 


In the home Going mobile Air con takes off 
HH Schultz and JQ The first air con unit is After the US housing boom, 
Sherman invent the first installedinacarbyluxury  airconunitsbecomea 


Humble beginnings First commercial unit 
An early A/C is constructed US engineer Willis Carrier 
by Benjamin Franklin and invents a unit that blows 


British chemistJohn Hadley air oversets of cold coils to home-based air con unit, company Packard, butthey mainstayinsuburbsacross EB 
astheydiscoveralcoholcan cool the warehouse ofa built outside ofthe house. were alreadyusedin the nation. In 1953 alone, one = 
be used to freeze water. publishing company. This design is still used. limousines from 1933. million units are sold. cS) 
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detects an enemy ship, or makes contact with it, 


the onboard explosive is detonated to rip a hole Torpedoes are fired from 


© Dreamstime; Thinkstock 


inits side and send it sinking without a trace. 


DRAI 


Load your weapon 

Load the torpedo through the breech door 
at the back of the torpedo tube and then close 
it. Open the valve to flood the tube with 
seawater from outside the ship, equalising the 
pressure inside and outside the tube. 


a 
—— 


DRAIN TANK 


Maintain balance 

Shut off the compressed air valve and the 
torpedo tube will then fill with seawater 
through the open muzzle door. This will help 
to offset the lost weight of the torpedo to keep 
the ship balanced. 
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ships and submarines 
through torpedo tubes 


Ste Sig - 


Rh 


> 


Fire! 

Open the muzzle door at the front of the 
torpedo tube, then open the compressed air 
valve to eject the torpedo. The air is vented 
into the ship, so that a bubble cannot escape to 
the surface and give away the ship’s position. 


COMPRESSED AIR 


if 


~ 


WATER IN TUBE 


di 


DRAIN TANK 


Reset and repeat 

Shut the muzzle door and open the 
valve to the drain tank to empty the water 
from the torpedo tube. Once it is empty, you 
can then open the breech door and load 
another torpedo to start the process again. 


Pearson Needs You! 


Pearson have exciting opportunities for History 
Teachers to become examiners for our GCSE/ 
GCE qualifications 


Being an examiner is a great way to: 
e Boost your income e Gain valuable insight into 
the assessment process e Enhance your teaching 


For more information and how to apply, please visit 
our website www.edexcel.com/aa-recruitment 
or email us at aaresourcing@pearson.com 


ALWAYS LEARNING PEARSON 


‘Stop Playing Games... 


Start Designing Them! 
Astronomik, , Baader, ; Frustrated by the screen time of young people in your home? 
Celestron, Doin, Fornax, ? : : : 3 
Moravian Instruments, , Lunt, At Tech Camp, we’ll turn their passion of playing games into the skills 
SkyWe , Teleskop- -Service, needed to create them. 
, Yukon, AV 


With expert tutors from the likes of Cambridge & Imperial and 


and many more! maximum groups of eight, we nurture the game designers of tomorrow. 


Book a place now on a Tech Camp 2016 holiday course. 


Call 020 33 845 187 between 9am — 80m 7 days a week. 
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DID YOU KNOW? Without surgeons on board, the ship's cook often performed amputations, as they could handle a knife best 


anvannan a oO Cc £ 


i nthe 1600s, the ghoulish sight of the Jolly 


Roger could strike fear into the hearts of even : > 

the bravest seamen. Pirates had existed for as PIR A fl F A | Y fl HS Bl J S f i. D 
long as man had sailed the seas, but it was at this ig . ; ‘ 

Think you know these fearsome seafaring fiends? 
Think again, as we expose the truth behind the tales 


i 


time that they truly began to rule the waves. 

The colonisation of the New World and the 
birth of the slave trade meant that the oceans 
were swarming with richly laden merchant 
ships, and many men and women turned to a life 
of crime on the high seas. And whata life it was! 
A bottle of rum at breakfast anda buxom wench 
at supper, and in between a day spent stalking 
ships and trading spoils in pirate havens. 

These hives of villainy, hidden away on 
islands in the Caribbean and Indian Oceans, 
served as launch sites for raids on enemy 
outposts and merchant ships. Here, pirates could 
repair their vessels away from the watchful eye 
of the Navy, while taverns, gambling halls and 
brothels provided welcome respite for pirates 
who had spent months at sea. 

Over the years, pirates’ lives became easier 
and even more lucrative. Sailors knew these 
bandits were skilled, well-armed, and willing to 
risk it all-the chance of winning a battle with 
them was slim. Ships that did put up a fight were 
shown no mercy, so their best option was to raise 
the white flag and surrender. 

However, as the problem of piracy grew, 
merchant communities began to take matters 
into their own hands, arming and equipping 
ships at their own expense to protect commerce. 
These ships, captained by ‘privateers’, were 
licensed by the crown and could attack any 
enemy vessel. Over time, the line between 
privateer and pirate became blurred. 

In a world where native populations were 
being wiped out or bound in chains, pirate life 
represented freedom and democracy. It’s easy to 
see why many found it hard to resist the spoils of 
the Golden Age of Piracy. 


From 1650 to 1720, thousands of 
pirates prowled the seas 


They buried ; They were brutal 
their treasure and bloodthirsty 


Loot was spent or sold immediately It was much easier to capture a ship 
- apirate’s life was far too short for without conflict, so pirates encouraged 
forward thinking. them to surrender peacefully. 


They flew the 
Jolly Roger 


Initially flying a national flag to lure in 
victims, they quickly replaced this 


with the chilling skull and crossbones. 


People had to 
walk the plank 


Anyone who did not surrender was 
simply thrown overboard - there was 
no time for elaborate ceremonies. 


Fi 


a 
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They had parrots 
on board 


Plundered parrots could fetch a high 
price, so it wasn’t uncommon for a 
pirate to have one on his shoulder. 


Captains were 
cruel tyrants 


Pirate captains were elected 
democratically. If they stepped out 
of line, the crew could depose them. 


) TRUE|4 
They had peg legs 
and eye patches 


Given the dangerous nature of their 
jobs, many pirates did lose a limb or 
an eye along the way. 


Pirates were 
always men 


Anne Bonny and Mary Read are just 
two of many female pirates that set 
sail, although both dressed as men. 
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os SPOILS OF THE 


><NEW WORLD 


The discovery of the Americas 
not only fuelled economies, but 
also a reign of terror 


When Spanish explorer Christopher Columbus 
set sail on what he believed to be a westward 
route to Asia, no one could have predicted that 
instead he would stumble across one of the most 
resource-rich continents in the world. 

He returned from the Americas laden with 
gold, pearls and astrahge plant called ‘tobacco’, 
kick-starting an era of frantic colonisation by 
Spain and other European powers, including the 
English, Portuguese and Dutch. They quickly 
began stripping the new land and sending back 
ships laden with its bounties. 

As wars between the colonisers waged, many 
settlers and sailors cottoned on to the riches that 
these galleons had to offer. By the 1630s, 
buccaneers were in operation in the Caribbean, 
mostly made up of Frenchmen who had been 
driven off the island of Hispaniola by the 
Spanish. They relocated to the island of Tortuga, 
which provided limited resources on which to 
live. It was partly in retaliation and partly out of 
necessity that these buccaneers began attacking 
Spanish ships, plundering them for every penny. 

The English, French and Dutch embraced 
these newly established pirates as they dealt a 
much-needed blow to the ever-strengthening 
Spanish. The English capture of Jamaica only 
served to bolster piracy, as its early governors 
semi-legitimised piracy and offered a safe haven 
in Port Royal -in return fora slice of the booty. 

As Spain's power waned, the appeal of piracy 


Manila galleons 
These Spanish ships that 


the Philippines provided a 
profitable link with Ming 
China and its spice trade. 


Tortuga 

French and English buccaneers 
made this island the centre of 
Caribbean piracy, from which 
they launched countless 
attacks on Spanish colonies. 


faded with it, and letters stating legitimacy Taian 
became harder to obtain. The buccaneers a ne & 
needed a new hunting ground. Rumours of ships a seis 


laden with precious silks and spices sailing ‘ by 
unprotected through Indian waters soon 

reached the rotten bunch, and in 1693, pirate 

captain Thomas Tew decided to seek one out. 


Setting sail from Bermuda, Tew cornered the 7 ma! 
Cape of Good Hope and cruised along the East s— -. 2 
African coast to the Red Sea, where he ran down Bae > 


aship sailing from India to the Ottoman Empire. 
Despite its enormous crew, the ship surrendered 
and Tew’s pirates helped themselves to £100,000 
worth of gold and silver, as well as ivory, spices, 
gemstones and silk. The route, which was » 
dubbed the Pirate Round, became one of the | \ 
most profitable on the planet. 
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Pirate Henry Every 
captured a 
Mughal trading 
ship carrying 
£600,000 worth 
of goods 


North Atlantic 

Piracy took place along the 
eastern coast of Canada and 
the US mainland. Newfoundland 
fisheries were notorious for 
pirate recruitment. 


TOBACCO, 
> | SUGAR, 


SUGAR, ~ COTTON 
COTTON 
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Port Royal 
))) This Jamaican town was 
FH crawling with criminals, 
with hundreds of brothels 
and taverns for pirates to 
spend their loot at. 


Port Royal - a notorious 
pirate haven - before it 
was destroyed by an 
earthquake in 1692 el bon 


Trade routes of 
the Golden Age 


As shipping flourished between 
Europe and its colonies, so too did 
? these pillaging pirates 


Spanish 
treasure fleets 
Among the most 
sought-after ships 
were those that 
carried gold and silver 
from the New World 
Va to Seville. 


Mediterranean corsairs 


Slave ships crossing | 
the Middle Passage 
were often targeted 

by pirates 
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Though less famous and romanticised 
than their Caribbean counterparts, the 


Barbary pirates equalled and even 


rn outnumbered them. 


MANUFACTURED 
GOODS 


Ntisiicieem 


\ ° 


Middle Passage , Fy 
One of the busiest trade routes, we 
this was frequently targeted by 7 
pirates who captured slaves % 
before they could be sold on. 


Pirate Round 
Buccaneers known as 
‘Roundsmen’ haunted this 
route, targeting East India 
Company ships sailing 
between Britain and India. 
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“Settlers and sailors cottoned on to 
the riches the galleons had to offer” 


Chinese pirates 

Ching Shih controlled a force of 
several hundred junks known as 
the Red Flag Fleet, terrorising 
the Guangdong coastline. 


Portuguese India 
armadas 

This trade route ran between 
Portugal and India, mainly 
transporting spices and silk. 


Madagascar 

This was one of the earliest 
pirate havens. Here they could 
target gold-laden Mughal ships 
far from the authorities. 


©Thinkstock; WIKI 
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PIRATES VS — 
PRIVATEERS 


Tasked with keeping waters 
safe, privateers became as 
brutal as pirates themselves 


Merchant vessels were a tempting target not 
only for opportunists, but also for rival countries. 
It was the English who first commissioned 
privateers to protect their cargo while in transit, 
issuing them with licenses to attack any ship 
that poseda threat. However, as time went on, 
the promise of plunder became just as legitimate 
a reason for battle as self-defence. Rather thana 
wage, privateers were paid with an agreed share 
of the takings, and the line between piracy and 
privateering became very blurred indeed. : 

On the face of it, the difference between these 

two vocations was simple. Pirates were 
criminals who acted alone, while privateers 
worked under the order of the crown. But the 
methods and end goals were the same. When 
Elizabeth I came to power, she encouraged 
merchants to keep port towns safe by preventing 
pirate ships from entering sea lanes. Anglo- 
Spanish relations were deteriorating, and war 
seemed inevitable. By allowing privateers to 
attack Spanish ships, Elizabeth could deny any 
direct involvement, while still getting a share of 
the profits. Her ‘sea dogs’, as they became 
known, included explorers Francis Drake and 
Walter Raleigh, but the Spanish saw them as 
simply state-sponsored pirates. Throughout this 
turbulent era, the status of many captains and 
crews swung between privateer and pirate 
depending on the state of international affairs 
and the paperwork they carried. 

Many privateers were knighted, but others 
were not so lucky. In 1701, Scottish sailor William 
Kidd was hanged for piracy. He had set sail 
several years earlier with a government 
commission to suppress pirates in the Indian 
Ocean. Here, like many privateers of the time, he 
began to plunder foreign vessels 
indiscriminately, but conflict was growing 
among his crew. When they threatened mutiny, 
he struck the ship’s gunner on the head with an 
ironclad bucket, delivering him a slow and 
painful death. When Kidd returned to the West 
Indies, he discovered he had been declared a 
pirate, and was arrested and sent back to 
England. After his hanging, Kidd’s body was 

gibbeted over the River Thames asa warning to 
any would-be pirates. 
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Thomas 
Tew 


With his flagship the Amity, 


Tew mapped one of the most 
infamous routes of the Golden 


Age - the Pirate Round. 


ESTIMATED EARNINGS 
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Edward 
‘Blackbeard’ 
Teach 


The terrifying sight of Teach 


and his notorious beard would 


make any sensible captain 
surrender immediately. 


ESTIMATED EARNINGS 


>| 512.5 milion 14 


This pirate was infamous for 
his barbaric leadership style, 
and loved nothing more than 
to torture his crew members. 


ESTIMATED EARNINGS 


>| $2.3 milion 14 


HALL OF 
INFAMY 


Historical records indicate that some 
pirates amassed incredible fortunes 


Bartholomew 
‘Black Bart’ 
Roberts 


Considered the most 
successful pirate of the era, 
Black Bart captured a 
staggering 470 ships. 


ESTIMATED EARNINGS 


P| $32 million |4 


aN 
) Edward r 
England 
England started out as a 
privateer, but pledged his 


allegiance to piracy after 
being captured. 
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x ‘Edward ; ‘14 
Low 


Low became a pirate after his 
wife died in childbirth. He was 
known for his horrifically 
creative torture methods. 


ESTIMATED EARNINGS 
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D | Samuel ‘Black c 
D [gam Bellamy 
The richest pirate in history, 
Black Sam treated his captives 


with mercy and likened 
himself to Robin Hood. 


ESTIMATED EARNINGS 


>| 120 milion [4 


j Henry c 
Morgan 

Perhaps now best known for 

the rum named after him, 400 
years ago Morgan was 


renowned for his brutal raids. 


ESTIMATED EARNINGS 


| 13 million |4 


yy Stede ‘14 
Bonnet 


Nicknamed the Gentleman 
Pirate, Bonnet turned to a life 
of crime after growing tired of 

his upper class background. 


ESTIMATED EARNINGS 
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D | Jonn ‘Calico ‘14 
Jack’ Rackham 


Calico Jack designed the Jolly 
Roger, and had two infamous 
female pirates in his crew 
- Mary Read and Anne Bonny. 


ESTIMATED EARNINGS 


EK 
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Rather than a rum-swigging drunk, Black Bart preferred to fuel his hijacks with a few cups of tea 


jj 
4 | 


Blackbeard was 
one of the most 
dreaded pirates 

of the era 


After capturing a ship, 
pirates would often add it 
to their own fleet 


WO 
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Ye 


SEIZING. MERCHANT VESSELS 0 


Far from being spontaneous attacks, pirate raids were meticulously planned 


& 
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The perfect Gathering 
location intelligence : 
Not only was the Pirates didn’t attack 
Caribbean the any old ship. On land, 


epicentre of trade 
between Europe and 
the colonies, it was 
also teeming with 
uninhabited islands 
and secluded coves in 
which pirates could 
covertly lie in wait for 
their prey. 


they would eavesdrop 
in taverns to find out 
what cargo was to be 
transported and 
when, and at sea they 
would stalk targets to 
find out how many 
men and weapons 
were on board. 


Raising the 
Jolly Roger Attack! 
The sight of the A warning shot 


dreaded skull and 
crossbones often 
scared sailors into 
surrendering 
peacefully, but before 
it was raised, pirates 
flew the flag of the 
victim ship to lull 
them into a false 
sense of security. 


was fired to signal an 
imminent attack. 
Grappling hooks were 
used to pull the ship 
close enough for the 
pirates to board and 
wooden wedges were 
jammed into the 
rudder to prevent it 
from being steered. 


Dealing with The booty 
the enemy The sailors were 
What do you do with stripped of any 


a captured sailor? 
Well, there were a few 
options. Pirates could 
hold them for ransom, 
integrate them into 
their crew, or keep 
them as slaves. 
Anyone who tried to 
fight back would be 
thrown overboard. 


Vane 


valuables and the 
cargo holds 
ransacked. The loot 
would then be divided 
up between the crew, 
with the captain 
receiving the biggest 
portion. The ship 
would be added to the 
pirate fleet or sunk. 


©WIKI; Illustrations by Marcus Faint / Ed Crooks 
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QUEEN ANNE’S REVENGE Hit | 


Like her captain, this infamous pirate ship 
er) started life in the Royal Navy 
Despite his legendary By May 1718 he had reached Charleston, South Sails 


The Queen Anne’s 


reputation, little is Carolina, and it was here where he made one of Revcnaehadatmecnnce 
known about whya the most audacious moves of his career: he supporting large sails to 
young sailor named Edward Teach decided to blockaded the Charleston harbour. Demandinga catch the sea breezes 
grow out his beard and turn to a life of piracy. ransom ofa chest of medicine, his demands 
Blackbeard, ashe became known, isbelievedto | were eventually met, but it was not enough to 
have lived in Bristol before setting sail for the save his beloved flagship. On leaving the port, 
Caribbean, where he worked on privateer ships Queen Anne’s Revenge ran aground, and 
during Queen Anne’s War. In around 1716, he Blackbeard was forced to abandon ship. 


joined the crew of renowned pirate Benjamin 
Hornigold, and later that year he was placed in 
command of his own sloop. 

It was in autumn 1717 that Blackbeard and his 
fellow pirates captured the French slave ship La 
Concorde - originally a Royal Navy ship - off the 
coast of Martinique. With the French crew 
already weak with dysentery and scurvy, they 
hastily surrendered, and the ship fell into 
Blackbeard’s hands. He made her his flagship 
and renamed her Queen Anne’s Revenge, and for 
several months he cruised the Caribbean, 
plundering ships along the way. 


Not for the faint hearties 


Take a look at the tech and weaponry that 
made this ship so successful 


Armament 
Each of the 40 cannons 
on board required four 
men to operate them, and 
fired 10kg balls. 


Just for show 

Pirates would avoid using 
gunpowder if possible, but a 
single cannon shot would help 
scare the enemy. 


Guns 
Smaller guns were 
added to the ship’s 
armoury, and only 
needed one man to 
operate them. 


Need for speed 
Pirate ships were often 
hacked apart and pieced 
back together to increase 
their maximum speed. 
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DID YOU KNOW? Blackbeard followed his beloved flagship to a watery grave in 1718, after being killed in battle with the Royal Navy 


A cannon is recovered from the 
wreck of Queen Anne’s Revenge 


Cae © 
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Rediscovering 
the wreck 


On 21 November 1996, a search 
Rather than the usual team from the private research 
skull and crossbones, firm Intersal, Inc. discovered a 
Blackbeard’s flag bore cluster of cannons and anchors on 
a horned skeleton the seabed near Beaufort Inlet, 
piercing a heart and North Carolina - the spot where 
toasting the devil. Queen Anne’s Revenge had run 
aground. Several early 18th century 
artefacts were recovered from the 
site, including a bronze bell, a 
sounding weight, a blunderbuss 
barrel, a lead cannon apron and 
two cannon balls. The discovery of 
these items led the researchers to 
conclude that this was indeed the 
remains of Blackbeard’s flagship. 
Since then thousands more objects 
have been found, offering a 
valuable insight into life on board. 


Blackbeard’s 
quarters 
Located at the rear, 
the captain’s cabin 
was sheltered from 
the elements and 
easy to defend in 
case of amutiny. ~§) 


Supplies 
Previously a slave 
ship, the vessel had a 
huge hold that could 
store rigging, food 
and drinking water. 


Lucky dip 
Merchant ships could 
be carrying anything 
from sugar and rum, 
to gold and jewels. 


“with the French 
crew already weak 
Thestoveintheship's Pratesdidnthestare ~=—© WIth dysentery and 
Anchor Drickandabucketof keehauingtoextact ~=SCUTVY, they hastily 


The ship’s anchor alone weighed a whopping sand was kept nearby to confessions about d d ” 
1,400kg, and took almost an hour to raise. put out flames. hidden treasure. Surren ere 


Galley Torture as a tool 


©Solgo; WIKI; Alamy 
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Flying 
close t 
the Sun 


Solar physicist Lucie Green 
explains the daring mission 
to answer big questions , } 
about our star Apasil 


= 
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ver since she first looked at 
iE the Sun through a solar 

telescope, Lucie Green has 
been fascinated with finding out 
how it works. Although our closest 
star has given up many ofits secrets 
over the years, there is stilla great 
deal left to discover about the huge 
ball of plasma that provides our heat 


fan and light. Working at University 
sr wn College London’s Mullard Space 
re Science Laboratory, and alongside 


Lucie studies the 
activity of our 
nearest star and 
how it affects us 
on Earth 


space agencies such as NASA and the European 
Space Agency, Green is involved in some 
exciting projects to learn more about our host 
star. Fromstudying giant eruptions on its 
surface to measuring strong solar winds, she 
hopes to be able to answer some of the biggest 
questions about not just the Sun, but the entire 
universe too. We caught up with her to discuss 
how she plans to get closer to the heart of our 
Solar System than ever before. 


Why is it important to study the Sun? 

The Sunis the star that we can study in the most 
detail because it’s the closest star to us. When 
we look at the Sun, we see the whole object. We 
can see the surface, the atmosphere, and we 
can make out certain features, whereas when 
you look at the majority of other stars, they’re 
just points of light. So the Sun ends up being a 
bit like a Rosetta Stone for other stars. We can 
develop techniques to understand what’s 
happening on the Sun and then apply them 
across the universe. Another reason is that solar 
activity has an impact on our planet. It drives 
space weather, which can have a negative 
impact on our technology. 


How much do we already know about how 
the Sun works? 

We've been observing the Sun with telescopes 
for over 400 years, and from space since the 
1940s, So we have a good observational 
description of what the Sun does. We are now 
trying to see the physical processes happening 
at smaller and smaller size scales that we can't 
make out with our telescopes. 

Another thing we want to knowis how the 
solar cycle works. The Sun’s activity follows an 
11-year cycle where it rises and falls and we 
know that this is driven by an evolution of the 
Sun’s magnetic field. However, because it 


“The Sun's activity follows an 


11-year cycle, and we Know that 
this is driven by an evolution of 


its magnetic field” 
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DID YOU KNOW? Photons of light take 170,000 years to reach the Sun’s surface from its core, but just eight minutes to reach Earth 


occurs inside the Sun where it is very hard to 
probe, we don’t have a fully developed physical 
understanding of how it operates asa star. 


What technology is being used to try and 
answer these questions? 

On the ground we have detectors that look at 
the Sun in the wavelengths of light that make it 
through the atmosphere, such as visible light 
and some parts of the radio spectrum. Then we 
can also do detections of particles on the Earth 
as well. For example, a by-product of the fusion 
process that powers the Sun is particles called 
neutrinos, and you can measure those 
neutrinos on the ground. 

There’s also a lot that we want to do from 
space, in particular focusing on parts of the 
Sun’s emissions that we can’t detect on the 
Earth. For example, wavelengths of light like 
ultraviolet, X-rays and gamma rays that don’t 
make it through the Earth’s atmosphere. 

Another benefit of being above the 
atmosphere is that we get a much clearer view. 
For example, we have telescopes that create 
artificial solar eclipses, called coronagraphs, 
and they are typically flown in space. Using 
these coronagraphs you can see the ejections 
that the Sun sends out into the Solar System, so 
you get a crisper view of one of the forms of 
solar activity. 


What projects are you 
currently working on? 

One project I’m working on is 
Solar Orbiter. It’s a really 
ambitious project, a sort of 
Icarus-like mission to fly 
close to the Sun and take 


SH About 


Join All About Space every 
Saturday 6-9pm (GMT/BST) 
for a Q&A on Twitter where 
your astronomy questions 
will be answered live! 
Tweet your questions to 


Joining an astronomical 
society is a great way to 
get stargazing advice 


“Telescopes in space can create 


ae 


artificial solar eclipses, so you get 
g crisper view of solar activity 


instruments. A heat shield has been developed 
that stops that intense radiation falling on the 
main part of the spacecraft. Also, because the 
orbit of this spacecraft goes close to the 
Sun then takes it further out again, 
its temperature is changing 
from hot to cold and back 
again, so we need to create a 
stable environment behind 
that heat shield. Solar 
Orbiter has solar panels that 
will tilt so that you can 


ce 


close-up pictures. However, as Sag sebre all regulate how much light is 
well as taking images, the #StargazerSat falling on them as you get closer 


spacecraft will sit in the flow of 
material that constantly comes out of 
the Sun, so we can sense it directly as it 
washes over it. 

That’s going to allow us to answer some of the 
big questions about the Sun. For example, the 
Sun produces a strong wind but we don’t know 
exactly how it is produced. Solar Orbiter is 
going to measure the wind as it blows over the 
spacecraft, so we will be able to work out what 
it’s made of, the temperature of it, what 
magnetic field is in it, the characteristics of it 
and then try and understand more information 
about how that wind is formed. 


How will you overcome the challenges of 
getting a spacecraft near to the Sun? 

The side facing the Sun will heat up to 600 
degrees Celsius, and as you can imagine, you 
can’t have that heat falling on your 
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to or further away from the Sun. 


What other big space stories have you 
been most excited about recently? 
Mars is the focus for me at the moment. I am 
working on a European Space Agency mission 
to go to Mars‘so I’m always keeping an eye on 
what the rovers are looking at. Then there’s 
Pluto and the New Horizons mission. The 
images taken by that spacecraft are absolutely 
incredible. I can’t believe there are floating 
mountains on Pluto, and vast nitrogen plains. 
They are still downloading 
data from that spacecraft, so I 
can’t wait to see more results. 


Learn more 


Lucie Green’s 15 Million Degrees: A - C4 
Journey To The Centre Of The Sun 
is released on 31 March 2016. 


craters. You can really get 


Lucie 


\ Green’s 
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top tips 
Learn the ie 


constellations 


“Start off by familiarising 
yourself with the night 
sky. Orion is my favourite 
constellation because it’s 
got everything, including 
star-forming regions and 
stars that have been 
kicked out of the 
constellation in the past.” 


Get kitted out 

“Buy a pair of binoculars 
and then work up to 
having a telescope. You 
can also get lots of 
support and share in the 
excitement of learning 
about astronomy by 
joining a local 
astronomical society.” 


> 


Look at the moon 
“You can look at the 
Moon during the different 
phases, and spot different 


a feel of the 3D nature of 
the surface by looking at 
the shadows that are 
cast. | never tire of 
getting my binoculars out 
and looking at the Moon.” 
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ili SPACE 


What Is a pulsar? 


The truth behind the ‘alien beacons’ 


hen pulsars were discovered in 

1967 by Jocelyn Bell, nobody 

knew what they were. They were 
so mysterious that the first pulsar was 
half-jokingly nicknamed ‘LGM-1’ for Little 
Green Men. Today, however, we know that 
pulsars have nothing to do with aliens, but 
come from something just as dramatic. 
They are the rapidly spinning condensed 
cores of massive stars that have exploded 
as supernovae. 

When astar greater than eight times the 
mass of our Sun reaches the end of its life, it 
stops generating energy from fusion power 
within its core. This causes the core to 
collapse into an object so dense that 
electrons and protons merge to form 
neutrons. The outer layers of the star 
quickly fall onto this collapsed core before 
ashock wave blows them back out, causing 
the star to explode. The core survives, 
however, as a ‘star’ of neutrons about 20 
kilometres across. 

This neutron star is highly magnetic and 
is born spinning. Its magnetic field funnels 
away charged particles along two jets 
bursting out from its magnetic poles. As the 
neutron star spins, these jets spin with it, 
flashing in our direction. We see them asa 
rapid sequence of light pulses —a pulsar. 


Whirling dervish 
Pulsars are born spinning at a rate of 
several times per second, but can be 

sped up to hundreds of times per 
second by accumulating matter from 
another star if it has a companion. 


Jet power 
Charged particles and 
radiation are beamed 
away at nearly the 
speed of light by 
magnetically 
powered jets. 


Field strength 
A pulsar’s magnetic 
field is impressive - it 
is 10 trillion times 
stronger than Earth’s. 


Ultra-dense 
A pulsar is so dense 
that a teaspoonful of it 
would have the same 
mass as a mountain. 


Docking a spacecraft 


How astronauts in the Soyuz capsule board the International Space Station 
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Reaching space 

It only takes a matter of minutes to blast 
into space, but it can take hours or even 
days to reach the International Space 
Station (ISS). Following blast-off, the 
Soyuz capsule enters orbit by firing its 
rockets parallel to the spacecraft’s 
direction of travel. 
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Transfer into higher orbit 
The ISS orbits the Earth at a higher 
altitude, so the Soyuz has to reach it via 
an elliptical path called a Hohmann 
transfer orbit. This features two engine 
burns - one to take the Soyuz into the 
higher orbit and another engine burn to 
keep it there. 
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Small corrections 

The Hohmann transfer orbit isn’t always 
precise, and the Soyuz has to perform 
small thruster burns to manoeuvre itself 
into an orbit around Earth with a period of 
86 minutes - four minutes faster than the 
slightly higher ISS, which is moving at 
around 28,000 kilometres per hour. 


Overtaking the ISS 

As the Soyuz is moving faster, it overtakes 
the ISS above it, then fires its engines 
again to enter another Hohmann transfer 
orbit that brings the spacecraft just in front 
of the ISS, 400 kilometres above Earth. 
Then the Soyuz turns around, fires its 
engines to slow down, and docks. 
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The top layer, known as the crust, is the thinnest layer of the Earth, at 30 kilometres deep 


How Earth got its core 


Intense heat and immense pressure formed Earth’s iron centre 


e know that the formation ofthe reached the solid lower mantle, the iron sank channels, and then percolated through the solid 
Earth's layers was a long and complex slowly as gravity pulled it towards the centre. mantle towards the centre. The temperature of 
process, but scientists have been However, amore recent model suggeststhatthe the core is about 5,200 degrees Celsius - much 
puzzled as to how the inner core became a solid core formed later, when the entire mantle was higher than the melting point ofiron. Yet the iron 
ball ofiron. Initially, expertsthoughtthatthecore solid rock. Intense pressure at about 1,000 isso dense and under such extreme pressure that 
began to form early in the process, when the kilometres belowthe crust wasstrongenoughto __ itis crystallised into asolid. The core continues to 
upper mantle was still molten rock. Droplets of force the molten iron out of silicate rock. Small grow by about a millimetre a year, as the Earth 
iron fell into the hot magma ocean and once it blobs of the metal joined together to form cools and parts of the liquid outer core crystallise. 
, ] a 
Our planet’s formation 
The pale blue dot started out as a Liquid outer Solid and 
molten ball of rock and metal core molten rane a 
Proto-Earth Solid crust 
The Earth’s formation from 
planetesimals and bits of rock 
generated so much heat that it 
was essentially a ball of melted 
metal and molten rock. 
Solid 
inner core 


Settling into layers 


The cooling planet Over a few hundred million years, Earth 

wt As the planet cooled, the rock and cooled and the iron core solidified. The less 
ma metals - mostly iron - began to separate. dense molten rock became the outer core, 
lron was pulled towards the centre, and the surrounded by the mixed solid and molten 

pressure and density made it solidify. mantle, and topped by the thin, solid crust. 


Geologists study seismic activity 
after an earthquake to learn 


Geologists believe that molten iron was drawn more aboutithél Earth's intaeen 


through channels to the Earth’s centre 
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> , The Bullet Cluster of galaxies; the 
blue indicates dark matter, while the 

pink is normal matter in the form of 
* hot gas and the galaxies themselves, 


What is the 
universe made of? 


The cosmos is filled with material and 
energy that we cannot see 


fyou look up at the night sky, you can see the 

light of hundreds of stars, as well as nebulae 

of gas and giant galaxies tens of thousands of 
light years across. Believe it or not, everything 
that we can see in the universe emitting light in 
the electromagnetic spectrum makes up only 
4.9 per cent of its total matter and energy. This 


energy were equivalent. This allows for most of 
the universe (68.3 per cent to be exact) to be 
made from energy and it is causing the 
expansion of the universe to accelerate. No one 
knows what it is, so scientists call it ‘dark 
energy’. The remaining 26.8 per cent is made 
from another dark substance, called dark 


accounts for all the planets, moons, comets, matter. Astronomers know it exists because its 
stars and nebulae, and all the atoms inthe gravity affects the motions of stars and galaxies, 
periodic table. So what isthe other 95.1percent? anditcan bend the light of more distant 

It was Albert Einstein, with his famous galaxies. But it emits no light of its own and no 
equation E=mc’, who said that matter and one knows what it’s made of. 


31.7% 


68.3% 

Dark energy Pier 

Over two-thirds of Less than a thir : 

the universe is of the cosmos The IC 1613 is the Milky 


is made from 


Way’s clean and tidy 
physical material. 


galactic neighbour 


formed of pure 
energy, known as 
the mysterious 


dark energy. 26.8% 


Dark matter 
Dark matter can only 

be detected by its 
gravitational pull. 


4.9% 
Ordinary 
matter 
Ordinary matter is 
made of atoms - the 
same stuff that 
makes up humans. 
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DID YOU KNOW? Astronauts have to breathe pure oxygen for a few hours before stepping out the airlock for ag spacewalk 


Anatomy of 


Helmet with visor 
The helmet features a 


Design details 


An essential piece of clothing for space travel, 
each part of a spacesuit has an important job 


visor coated with a thin 
layer of gold to filter out 
harmful solar rays. 


a spacesuit 


How this incredible device allows 
astronauts to survive the extremes 


er 


a 


pacesuits are an astronaut’s life support 

system, providing them with oxygen, 

keeping them warm and protecting 
them from the vacuum of space. They provide 
communications with fellow astronauts and 
mission control, monitor their health and are 
sealed against the harsh environment outside. 
One of the most important parts of any space 
suit is the backpack: the Primary Life Support 
System, or PLSS. It’s more than just an oxygen 
pack - it keeps the suit pressurised to prevent 
hypoxia (caused by the decrease in oxygen 
within the blood stream), removes harmful 
carbon dioxide and cools the suit by pumping 
water around it. Italso houses medical monitors 
and the communication equipment. 

The PLSS life support system is a closed loop, 
so everything is recycled. Inside the suit the 
astronaut wears a skin-tight Liquid Cooling and 
Ventilation Garment, which removes body heat 
through perspiration. Oxygen, carbon dioxide 
and water vapour are also sent back to the PLSS; 
the carbon dioxide is then removed by reacting 
with lithium hydroxide, producing lithium 
carbonate and water. The water vapour 
condenses and is also removed and stored in the 
pack, while oxygen is recycled back around the 
suit for the astronaut to breathe. Sometimes, 
spacesuits are referred to as an astronaut’s own 
personal spacecraft. Ifan astronaut ona 
spacewalk (also known as extravehicular 
activity, or an EVA) finds themselves drifting off 
into space, then the modern NASA spacesuits 
have a device called the Simplified Aid for EVA 
Rescue, or SAFER for short, which is composed 
of little manoeuvering jets that can fly them 
back to the space station. 


- eo 
ESA astronaut Alexander Gerst tests his spacesuit at 
NASA's Johnson Space Center in Houston, Texas 
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Build a 
spacesuit 
Spacesuits do 
not come ina 
single piece, 
but are built 
from several 
pieces that are 
fastened 
together: the 
upper torso, the 
arms and the 
lower torso 
assemble. 


Toilet break 
While in the 
middle of a 
spacewalk you 
can’t just pop to 
the loo, soa a 
spacesuit contains 
a ‘maximum 
absorption 
garment’ - a fancy 
name for a nappy! 


Gloves 
Space is so cold 
that the fingertips 
in an astronaut’s 
gloves contain 
miniature 
heaters. The 


Be nade Life support system 


The life support system contains 


— 5 


to be dexterous 4 ‘d oxygen tanks as well as a 

while providing a ‘ | battery for power, water-cooling 

strong grip. : equipment and a fan for 
y. oe ra 4 essential air circulation. 

Dexterity ( f 

Spacesuits have to lai 4 > Ventilation garment 


The Liquid Cooling and Ventilation 
Garment is made from skin-tight 
Spandex and worn beneath the space 
suit. It contains over 90 metres’ worth 
of tubing to remove and recycle body 
heat, carbon dioxide and perspiration. 


provide astronauts 
with a range of 
motion for when 
they are working 
outside of the 
space station. 


-160 to +120 
degrees : 1961 
Celsius : The very first 
Spacesuits protect : spacesuit - the 
astronauts from =: SK-1- was worn 
the extreme : by cosmonaut and 
temperatures : first man in space, 
outside the ISS. ? Yuri Gagarin. 


Footwear 
The boots on current spacesuits are soft 
and not really made for walking, just 
floating. New boots will have to be designed 
for going back to the Moon or Mars. 


SPACESUIT NUMBERS... 


: 19,000m 

i: Spacesuits are 

? required beyond an 
: altitude of around 

! 19,000 metres to 

: supply the oxygen 

: in at around 145 : needed to breathe 
: kilograms. The suit i and maintain a 

: alone weighs about : pressure around 

: 55 kilograms. : the body. 


: 145kg 

: With the life 

: support system 
: attached, a 

: Spacesuit weighs 


: $12 million 

: The most recent 
: spacesuits each 

: cost in the region 
? of $12 million to 

? manufacture. 
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On board the 
Dream Chaser 


With the Space Shuttle in retirement, NASA is 


looking to the next generation 


ierra Nevada’s Dream Chaser isa 
smaller, more adaptable version of the 
Space Shuttle and will spend much of its 
time going on trips to resupply the International 
Space Station (ISS). Unlike the Space Shuttle, 
Dream Chaser can fly autonomously, 
without a human pilot. Crewed 


of space planes 


nitrous oxide. Its engines are so 
powerful that, when docked with 
the ISS, Dream Chaser can raise the 
Space Station’s altitude, useful for 
avoiding pieces of space debris. 

Dream Chaser is a fairly modest 
spacecraft in terms of size; its 


versions willalso be wingspan is seven metres, 
developed, capable of compared to the 23.8-metre 
carrying seven astronauts wingspan of the Space 
plus cargo. Shuttle. It will be capable of 
Once in space, it will carrying over five tons of 
be powered by twin cargo into space before 
hybrid rocket engines, returning to Earth hours 
which use two later, landing like an 
propellants - one solid, The Dream Chaser will airplane ona runway. 
the other gaseous or be able to return from Expected to first launch 
liquid. These are mixed space and land like sometime in 2018-2019, there 


together and tend to be less 
explosive than purely solid rocket 

fuel when they fail. In the case of Dream 
Chaser, the solid propellant is a rubbery 
material called ‘hydroxyl-terminated 
polybutadiene’, while the gas propellant is 


an airplane 


will be two versions; the Dream 
Chaser Cargo System sports folding 
wings to allow it to fit into the cargo fairing 
rockets such as the Ariane 5, while the crewed 
Dream Chaser Space System will launch on an 
Atlas V rocket to carry astronauts to the ISS. 


What dreams are made of ee 


Introducing one of the most sophisticated space vehicles ever built streamlined shape with 


Seven-strong crew Airlock 


Although Dream Chaser is 

capable of flying autonomously, 
it can also carry a crew of up to 
seven astronauts. 


Dream Chaser. 
snic=: 
a 


@ Spoce Systems 


Cargo carrier 
Over five tons of cargo for 
resupplying the ISS can be 

crammed into Dream 
Chaser’s hold. 


082 | How It Works 


The docking hatch allows astronauts 
or cargo to be transferred from 
Dream Chaser to the ISS. 


upswept wings keeps 
g-forces to below 1.5 


for the entire flight. a 


B= United States 


Landing wheels 
Dream Chaser’s landing 
gear allows it to touch 
down on a runway just like 
an airplane. 


modest in size 


Hybrid rockets 

The hybrid rocket system 
uses non-toxic propellants 
for the first time in the 
history of space flight. 
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Special inaugural issue 


Revils 


/ Inside the*courtpf the lost King 


\ 


*Terms and conditions: This offer entitles UK Direct Debit subscribers to receive their first 3 issues for £1. After these issues, subscribers will then pay £17.95 every 6 issues. Subscribers can cancel this 
subscription at anytime. Offer code NEW161XT must be quoted to receive this special subscription price. Details of the Direct Debit Guarantee are available on request. This offer expires 31 May 2016. 
Imagine Publishing reserves the right to limit this type of offer to one per household. 
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= 
Because enquiring minds 


need to know... 


MEET THE 
EXPERTS 


Who's answering your 
questions this month? 


§) Ahistorian ofscience 
at the British Library, 
Tom works on oral 
projects on British 
science and the 
electricity industry. 
His first book, Electronic Dreams: 
How1980s Britain Learned To Love 
The Home Computer, is out now. 


lLauraMears = Mears 


Laura SS eT ae 
biomedical science 
at King’s College 
London and hasa 
master’s from 
Cambridge. She 


escaped the lab to pursue a career 
in science communication and also 
develops educational video games. 


‘AlexandraCheung si ‘AlexandraCheung si 


Having earned 
degrees from the 
University of 
Nottingham and 
Imperial College 
London, Alex has 


worked at many 
prestigious institutions, including 
CERN, London’s Science Museum 
and the Institute of Physics. 


Sarah Bankes 


Sarah has a degree 
in English and has 
been awriter and 
editor for more than 
a decade. 
Fascinated by the 


world in which we live, she enjoys 
writing about anything from 
science and technology to history 
and nature. 


[ShannaFreeman sd Freeman 


Shanna describes 
herself as somebody 
who knows alittle bit 
about a lot of 
different things. 
That’s what comes of 


writing about everything from 
space travel to how cheese is made. 
She finds her job comes in very 
handy for quizzes! 
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Want answers? 


Send your questions to... 
How It Works magazine 


@HowltWorksmag 


© howitworks@imagine-publishing.co.uk 


Has all the water on Earth been 
here since the planet first formed? 


Lara Rankin 

§ Most of the water that we see on Earth today was 
not around when our planet formed; it was 
transported onto Earth by comets and asteroids. 
When the Solar System formed 4.6 billion years ago, 
water molecules would undoubtedly have been 
present in the swirling dust and rocks that accreted 


The bald eagle is native to the US and is its official emblem 


to form planets. But without an atmosphere, any 
water on Earth's surface would have vaporised under 
the high temperature conditions and escaped into 
space. However, over the next 700 million years, our 
planet was pummelled with comets and asteroids. 
These contained ice, which melted into liquid water 
once they reached Earth’s surface. AC 


How did the bald 
eagle become 
America’s 
national bird? 


Monique Bryans 

® Soon after the Declaration of Independence 
was signed on 4 July 1776, Benjamin Franklin, 
Thomas Jefferson and John Adams were tasked 
with designing an official seal for the new nation. 
Years later, after disapproval of the designs by the 
Continental Congress, Secretary of Congress 
Charles Thomson combined the best elements of 
the designs he'd seen. The eagle had initially been 
introduced by lawyer William Barton. Thomson 
decided to make it a prominent feature and turned 
it into an American bald eagle, a symbol of 
strength and native to the US. The design was 
adopted by Congress on 20 June 1782. SB 
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Stringed cheese is 
a popular snack for 
kids and adults alike 


: 
A 


What makes 
stringed cheese 
so stringy? 


Neil Merson 

Stringed cheese is cheese that has been 
heated until the milk proteins align, which is at 
about 60°C, then stretched until it has a 
stringy texture. Originally, mozzarella cheese 
was used and the cheese was braided into 
strips. Today, stringed cheese can be made 
from cheddar or several other types of 
cheese, and it can be found either braided or 
pressed into a log shape. SF 


What happens in 
your brain when 
you feel bored? 


Declan Gray 

® The science of boredom hasn't been 
fully explored, but itis an active area 
of research. It is linked to attention, 
and according to researchers at York 


University in Toronto, Canada, 
boredom comes down to not being 
able to engage. When you feel bored, 
you want something to catch your 
attention, but it either doesn’t or can’t. 
In response, you either start to switch 
off, or you can begin to get agitated. 
Boredom is reportedly common in 
people with chronic attention 
problems, and in thrill seekers. LM 


Moons orbiting 
other planets 
were not 
discovered until 
the 17th century 


BRAIN DUMP 


A bored brain just 
wants to be engaged 


Why doesn’t our Moon 


have a name? 


Abby Constant 

Our moon does have a name: it is called ‘Moon’ as it was 
the first moon discovered - all others are named after it. The 
word derives from the Old English term ‘mona’ and was 
initially used just for our Moon. The term came to describe 
other planets’ natural satellites in the 17th century, after 
Galileo first observed Jupiter’s moons in 1610. The Moon has 
other names in other languages: ‘Selene’ in Greek (giving the 
word selenology - the study of the Moon's geology) or ‘Luna’ 
in Latin (giving rise to words such as lunar). AC 


Why does coloured shampoo become white 
when you rub it into your hair? 


Nina Singh 

Coloured shampoos and conditioners contain 
dye molecules, which absorb photons of certain 
wavelengths but not others. Some colours are 
therefore hidden whereas others show up when 
light passes through the shampoo. When we 
rub shampoo into our hair, the sodium lauryl 
sulfate produces foam, which appears white 


The colour of a 
shampoo disappears 
when it’s rubbed in due 
to specular reflection 
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because light is reflecting off the surfaces of the 
bubbles. Light that reflects offa surface is 
known as specular reflection and is not 
coloured. So although the walls of the bubbles 
contain dye molecules, there are not enough to 
show through - the light bounces off and is 
scattered in many directions, so the foam looks 
like a white mass. SB 
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What happens to Snapchat photos 
after they have been viewed? 


Ruth Chorley although newversions of Snapchat have tried to 
Snapchat claims that photos are automatically prevent this. In general, electronic files aren’t 
deleted from the servers onceviewed.Thephotoon __ actually erased when you hit delete. The file will be 
your phone will be deleted too. However, several marked as deleted and disappear from view, but it’s 
people on the internet have claimed to have found still there. The file’s data will remain stored until 
ways to view snaps deleted from their phones, overwritten, so it can sometimes be recovered. TL 


Pigeons can 
count just as we 
as chimpanzees 


Can animals count? 


Katie Bannerman well; they can even do basic maths. Both primate = 
® Counting seems to be a life skill that many animals Brains and human brains have a ‘counting centre’ in the " 
share. Guppies can distinguish between sizes of shoals, | neocortex. However, it turns out that pigeons can 

while lions can tell by roars whether they outnumber a count just as well as chimps, so counting ability isn’t 

rival pride. Primates like chimpanzees can count very necessarily based on brain size or complexity. SF 
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Why do some people | ' 
sleepwalk? 


Hannah Claridge 
Sleepwalking most often happens during deep 
sleep, and is more common in children than in adults, 
but the exact cause is not yet known. It often affects 
more than one family member, suggesting that there 
might be a genetic component. 
By looking at families with a history of 
= sleepwalking, a team of researchers in Washington 
pinpointed chromosome 20 as a possible location for 
a faulty gene. However, some sleepwalkers have no 


a 
Why are song lyrics so family history at all 
easy to remember? Many different sleepwalking ‘triggers’ have been 


identified, including sleep deprivation, stress anda 
Alyson Dunn high temperature. Sedatives, such as alcohol, can 
Our brains seem to be wired to remember song lyrics better than facts, also trigger sleepwalking in some people, and for 
or even what we had for dinner. When you remember the lyrics to asong, others, simply waking up suddenly during deep sleep 
. . . : can cause it to happen. It is a myth that you should 
you're also remembering the music and the voices, so there are several not disturb a sleepwalker; they are just more likely to 
associations for your brain to access. If you hear the song over and over, get hurt if you let them continue walking. If possible, 
repetition also helps you to retain it. It’s a form of practice. The patterns it is best to carefully guide them back to bed. LM 
in songs, such as the beat or rhyming lyrics, also help our brains retain 
them. Finally, ifyou like the song, your brain will work harder to 


remember it because of the emotional connection. SF 


Sleepwalking can run in 
families, but doesn’t always 


Why are 
cats afraid 
of water? 


Bernadette Ewens 

The top layer of cat furis 
relatively water resistant, soa 
light rain shower won't bother it 
too much. But when a cat gets 
soaked, its fur tends to become 
waterlogged. This not only makes 
the cat sluggish, but it also makes 
it difficult for the cat to returntoa 


How do 
rechargeable 
batteries work? 


Verity Deane 

All batteries rely on chemical reactions to 
produce an electric current. Inside a battery are 
two electrodes made of different sorts of metal, 
named an anode and a cathode, and an 
electrolyte, often an acid. Chemical reactions 
between the electrodes and electrolyte create a 
flow of electrons from anode to cathode when 
the battery is connected - an electric current. In 
the process the electrodes and electrolyte 
gradually become depleted as they react with 
each other. In a non-rechargeable battery this 
reaction is irreversible, and the battery will 


eventually stop working. When a rechargeable dry, warm state quickly. Another 
battery is charging, an electric current is passed » | theory suggests the so-called fear 
the opposite way through the 

battery. This reverses the =" og comes from when owners used to 
chemical reaction and Cats ar ~ -" shield their cats from the rain in 
rejuvenates the electrodes and afraid of water, b . the earliest periods of 


electrolyte to a state where 
they can once again produce 
electricity. However, even a 
rechargeable battery can only 
be recharged a certain number 
of times before it can no longer 
hold a charge. TL 


how long it takes to g 


domestication. SB 


Why is it called King Blatand, meaning 


Bluetooth in English, 
Bluetooth technology? inspired the wireless 


tech’s name 
Amit Mantsebo 

Despite the technology being relatively new, the 
name Bluetooth actually has medieval origins. It was 
chosen by the largely Scandinavian team of engineers 
that created the wireless communications technology 
back in the 1990s, and is the English translation of the 
name of a Viking king. 

When looking for a name that signified their new 
invention’s ability to connect PCs and cellular phones, 
the team thought of King Harald Blatand of Denmark, 
who was famous for uniting parts of Denmark and 
Norway with non-violent negotiations. The name's 
origins are also evident in the Bluetooth symbol, as it is 
king Blatand’s initials written in Norse runes. TL 


Charging a rechargeable battery 
reverses the chemical reaction 
that depletes its power 
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What are the 

criteria for oth 

determininga 
‘new species? 


Steph Leigh 

Generally scientists consider a species to be 
new ifit has its own gene pool and evolutionary 
lineage. Ifyou think that you've discovered a 
| newspecies, there’s a long process to go through. 
The first step is to get some specimens to 
compare against other species that are closely 
related. You collect all of the data about the 
species, then comb through the literature about 
related species to be sure that what you have 
doesn’t match with any other description. Once 
you're reasonably sure that it’s new, you publish 
the data in a peer-reviewed scientific journal so 
that others can learn about the species and help 
verify that it’s new. Naming the species comes 
last, and there are rules here. Depending on 
what type of species you've discovered, you'll 
follow criteria set by an international 
organisation, such as the International 
Commission on Zoological Nomenclature. SF Ranitomeya amazonigy 


TS rog is one of more tha 
1,000 new species recentl 
discovered in the Amazon 


Why does milk curdle? 


Nick Fallon 

Milk contains many compounds, primarily lactose (a natural sugar), 
proteins and fat. The proteins exist in a colloidal solution, so the molecules 
float around - usually repelling each other. However, when the pH of their 
solution drops and becomes more acidic, the protein molecules attract each 
other and clump together in a process known as curdling. This chemical 
reaction happens faster in warmer temperatures - for instance, when you 
leave the milk out the fridge - because bacteria in the milk start to eat and 
digest the lactose. This produces several by-products, including lactic acid, 
which results in a lower pH level and a sour taste. The structure of some 
proteins, such as casein, change as a result of this reaction, and they stick 
together. The liquid that’s left is called whey, which appears yellow because 
the casein protein is what gives milk its white colour. SB 


Pi | 
Leaving milk out in room temperature results 
in a chemical reaction that makes it curdle 


Why don’t we need to keep our 


wisdom teeth? 


Amar Zadeh 

Wisdom teeth, like other molars, are best suited to grinding and crushing, 
and having an extra set would once have been very useful. In the days before 
cooking, our ancestors ate raw, fibrous vegetation. This would have gradually 
taken its toll on their molars, wearing them away. However, as our species 
evolved, our brains became larger, our jaws became smaller and our diets 
changed. Today, many people don’t have space for their wisdom teeth any 
more, and when the third molars try to erupt, they get stuck. Taking them out 
With smaller jaws than our ancestors, many helps to relieve the discomfort, and with our modern diets, our remaining 
people do not have space for wisdom teeth molars cope just fine. LM 
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The uvula is packed 
with glands that 
produce watery saliva 


| What does the dangly bit at the back of your throat do? 


Florence Boon choking. It produces lots of thin saliva, helping to 
§ The dangly bit at the back of your throat is keep the back of the throat lubricated, and it also 
called the uvula, and it’s actually a really seems to prevent the voice from sounding too 
interesting little organ. It is involved in speech, nasal by changing the way that air resonates in the 
vibrating against the tongue to create ‘uvular head and neck. People who have had their uvula 
sounds’, like the rolled ‘r’ in French and Spanish. It removed can experience a dry throat and changes 
can trigger the gag reflex, helping to prevent to the sound of their voice. LM 


; Wh t - th b t Hydrogen bombs can be thousands of 
ja Is e = es times more powerful than the atomic 
™ bomb dropped on Nagasaki 
way to beat jet lag? 
Dominic Rolfe ae What is the difference 
Controlling your light exposure and melatonin levels, ideally 


before you travel, is the most effective way of overcoming jet between a hydrogen and 
lag. These cues influence your circadian rhythm, an internal atomic bomb? 


clock that governs sleep, hunger and other cycles - and 


causes you to feel jet-lagged when you switch time zones. A Howell Bradley 
- few days before travelling, use a bright light to mimic the time Both types of bomb harness the energy 
To minimise jet lag, of day at your destination. When it’s early evening there, take . 
start adjusting well — melatonin, a hormone released naturally by your body to released by nuclear reactions, but a hydrogen 


Pc board induce drowsiness and prompt you to go to sleep. This should bomb is powered by nuclear fusion, whereas 
give you a head start on beating jet lag. AC anatomic bomb relies on nuclear fission. 
Hydrogen bombs are far more powerful, 
How does su rround sou nd work? causing explosions equivalent to millions of 
tons of TNT. By contrast, the atomic bombs 


etrrotndicound’can dropped on Hiroshima and Nagasaki hada 


greatly improve the yield of 15 to 20 thousand tons. This is because 
home cinema experience 


fusion fuel is made of smaller atoms, so more 
fuel can be packed into a hydrogen bomb. AC 


New Brain Dump is here! 


Don’t miss issue 35 of Brain Dump, the digital sister 
magazine to How It Works, when it lands on the virtual 
newsstand on 7 April. You'll find out why male lions have 
manes, what your fingernails are made of and how glow 
worms produce their own light in the darkness. Also 
inside this issue: why drinks taste strange after brushing 
your teeth and the reason why 
spiders don’t stick to their ; 
webs. Every edition is packed 
with stunning images and 
fun facts to entertain your 
friends with. Download the 
new issue of Brain Dump 
at the beginning of every 


© Thinkstock; Dreamstime; NASA; Corbis 


Joe Parker another pair of surround sound speakers behind the month from iTunes or 
There are various different surround sound listener. A film soundtrack has components for each Google Play. If you have a 
systems, but they all rely on having a number of speaker encoded, so when it is played, the various burning question, you can 
speakers surrounding the listener. For example, ina sounds come from different parts of the room. The ask at www-facebook. 
5.1 surround sound system commonly found inhome __ trick to make it seem like someone is walking up com/BraindumpMag or 
cinema, there is a centre speaker, including a behind you is simply to play the sound from the Twitter - the handle is 
subwoofer for bass, two stereo speakers in front and speaker in that direction. TL @BrainDumpMag. 


Get in touch @ Facebook © Twitter Email 
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Being 
A Beast 


Embrace your 
inner animal 


Author: Charles Foster 
Publisher: Profile Books Ltd 
Price:£14.99 (approx $28) 
Release date: Out now 


uch as Freakonomics is aimed at the 

rogue economist, and Ben Goldacre’s 

Bad Science is perfect for the 
discerning science enthusiast, Being A Beastis 
a book for nature lovers unlike any other. It sees 
author Charles Foster going above and beyond 
in order to gain an insight into what makes 
various animals tick - by living like them. 

To this end, he swims inastream like an 
otter, huddles in a badger’s sett, and forages in 
the streets of London like a city fox. At least we 
think he does. Unless this is one huge Animal 
Farm-esque allegory that we've missed the 
point of entirely (hopefully we're safe; this is 
housed in the non-fiction section of the book 
shop), then this is one of the most committed 
auditions to be Bear Grylls’ assistant that we've 
ever read. 

Not that living like a 21st century shaman is 
the point, of course. In his own way, Foster 
comes across aS a Bill Bryson for the animal 
kingdom, furnishing his experiences with 
anecdotes and informative tidbits relating to 
the subject matter, intermingled with his own 
thoughts on his subjects. Inevitably his own 
biases come into play - most notably a dislike of 
otters and cats - but this personal touch only 
serves to enhance the reading experience. 

Even so, this book never forgets its target 
audience - the hardened nature lover - and his 
first person accounts are steeped in science and 
data. It’s undeniably informative, but doesn’t 
exactly help make it accessible. Perhaps this 
complaint is churlish however; after all, Foster 


“Foster Is g Bill Bryson 
for the animal 
kingdom, furnishing 
his experiences with 
informative tidbits” 
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does spend a good while comparing how 
different worms taste. 

In truth, nothing we say will adequately 
prepare you for this book - even the most 
ardent Attenborough fans will likely have 


experienced nothing like this. You will be 
baffled, enlightened and amused in almost 
equal measure - and how many books can 
honestly claim to do that? 
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Sorting The Beef 


From The Bull: 
The Science 
Of Food Fraud 
Forensics 


F . ; 2 - 
Eating isn't believing 
Author: Richard Evershed, Nicola Temple 
Publisher: Bloomsbury 
Price: £16.99 / $27 
Release date: Out now 


Worried that the horse-meat scandal was 


just the tip of the iceberg? This collection of 


food-fraud tales from around the world 
isn’t likely to make you rest easier. 

From Chinese fruit being rebranded as 
Australian to make it more expensive, to 
microscopes discovering fragments of 
beetles in ground pepper, this book will 


The Anglo- 
Saxon Age: 
The Birth Of 
England 


Britain's beginnings 
Author: Martin Wall 
Publisher: Amberley 
Price: £20 / $34.95 
Release date: Out now 

Public interest in the 

Anglo-Saxons has 
been galvanised 
since the discovery 
of the Staffordshire 

Hoard in 2009, 

which author Martin 
Hallusesasa 
starting point for his 
examination ofa fascinating time in 
British history. 

From their entry into the British Isles 
when they were Roman-held, all the 
way through to the Norman conquest, 
Hall takes an entertaining approach to 
chronicling this time period, frequently 
providing light-hearted interludes by 
referencing myths and culturally 
significant occurrences, as well as 
injecting his writing with a pervasive 
sense of humour. It’s the perfect read if 
you're looking for an easily accessible 
route into Anglo-Saxon history. 
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shock, educate and surprise in equal 
measure, and ultimately make you less 
trusting about what’s really in your food. 


The potential for panicis alleviated 


slightly by the knowledge that science is 
fighting back, but it’s stilla stark reminder 
to question where your food is from. 


30-Second 
Physics 


Science soundbites 


Author: 

Brian Clegg 
(editor) 

Publisher: 

Ivy Press 

Price: Hy 
£14.99 i 
(approx $21) \ 
Release date: : 


Out now 


Physics isn’t | 
exactly the 
easiest of q 

topics to break 

into-soit’sa 

good job that 

books like this exist, which make the 
subject easily accessible for those of us 
who don’t have PhDs. 

From biographies of pivotal figures 
like Galileo and Einstein, to concise 
explanations for concepts like 
Schrédinger’s equation and glossaries 
of key terms, this book has basic physics 
covered. Its titular boast may be slightly 
facetious (sure, it takes 30 seconds to 
explain, but a lot longer to understand), 
but this is a minor quibble with what is 
otherwise a well-written and 
informative book. If only we'd had this 
to get us through GCSE Science... 


BOOK REVIEWS 
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Make a balloon-powered 


rocket car 


Use the power of thrust to create a speedy vehicle in minutes 


a 
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Understand the science 

At their most basic, rockets are 
chambers filled with pressurised 
gas. Balloons create the same 
effect when they’re inflated, and 
will be used to power our car. Blow 
up a balloon a few times to loosen 
the rubber, and find four drinking 
straws - these will form the small 
opening that will cause the 
forward thrust when air is 
expelled. First, though, we need to 
create the body of the rocket car. 


Wheels down 

Now it’s time to add your 
wheels. Get a wooden skewer and 
cut it so it’s around 5cm longer 
than the straw pieces on your 
bottle. Use something sharp to 
poke a hole in each of the four lids 
you gathered, then attach one at 
each end of the two wooden 
skewers. Secure them in place 
with tape - take your time to 
ensure they all align properly, so 
your rocket car drives straight! 


Ready for launch! 

Carefully bend down the sides 
of this X to create a square hole. 
Slide the four straws into this hole 
and out the neck of the bottle. 
Blow into the straws to inflate the 
balloon, and then pinch the end of 
the balloon to keep the built-up 
pressure in, as you take position. 
Place the car on your chosen track 
and let go - the pressure will force 
air out of the nozzle and the car 
will be thrust forward! 


Disclaimer: Neither Imagine Publishing nor its employees 


can accept liability for any adverse effects experienced after 
carrying out these projects. Always take care when handling 


potentially hazardous equipment or when working with 
electronics and follow the manufacturer's instructions. 


Make the body 

To make your rocket car’s body 
you will need a plastic bottle - this 
will form the chassis. Remove the 
lid, and find three more lids of the 
same size. Together, these four lids 
will become the wheels of your 
rocket car. To attach the wheels to 
your bottle chassis, first cut 
another drinking straw into two 
smaller strips. Tape this to the 
bottom of your bottle to create the 
holders for the axles. 


Create the nozzle 

Now for the important part: 
the nozzle. Grab those four 
drinking straws, hold them all 
together, and secure them with 
tape. Now take the balloon that 
you inflated a few times earlier on 
and place it over the ends of the 
straws. Secure the balloon with 
duct tape to ensure there is a tight 
seal. Use a knife to cut an ‘X’ shape 
in the top of your car, around 20cm 
from the neck. 


In summary... 

The nozzle is the key to this creation 
-ifitis too small, the air won't be 
pushed out with enough force to 
propel the car forward. Ifit is too big, 
the air will escape too fast and the 
car will be slow. If four straws don't 
work foryour car, try more or fewer! 
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Create quicksand 


This gloopy mix behaves a lot like the real thing 


fj 


Mix it up 

Quicksand occurs when the right kind of sand 
becomes saturated with water. In nature, this 
often happens when sandis sitting ona 
substance that doesn’t absorb water, such as clay. 
However, the grains of sand all need to be the 
same size - and perfectly round - to form 
quicksand. You won't find this sort of sand easily, 
so instead we'll mix 2.5 cups of cornflour and two 
cups of water together in a plastic bowl to createa 
similar kind of material. 


In summary... 


Just like quicksand 

When you're finished, the mixture should 
have the consistency of honey. If you came across 
quicksand in real life it would look solid on top, 
but when you gently agitate it (by standing on it) it 
behaves like a liquid. The mixture you have 
created is just the same - slowly lower your hand 
into the mixture and you'll find that it should 
sink in. Move your hand around slowly, then 
speed up your movement; do you notice that the 
faster you move, the greater the resistance? 


The real test 

Now for the real test! Try punching the 
cornflour mixture. Be careful - make sure you 
don’t hit the bowl! You need to punch quite hard, 
and immediately pull your hand away once 
you've made contact. If the mixture splattered 
everywhere, you need to add more cornflour. But, 
ifthe mix was right, it should've felt solid against 
your fist. This substance, like quicksand, is 
known asa non-Newtonian liquid, as it doesn’t 
follow Sir Isaac Newton’s law of viscosity. 


The state of non-Newtonian liquids depends on the force and pressure applied to them. So, when you gently lower your hand into the bowl (or an 
unaware traveller steps softly on quicksand) it sinks into the liquid. This is also why trying to quickly pull your foot out of quicksand won't work - the 


VIN! 


force will cause it to act like a solid! 


Wireless wonder 
Connect the speaker to 
your smartphone or 
tablet via Bluetooth for 
a wireless setup. 


Use the 3.5mm input to 
physically connect the 
speakers to your device’s 
headphone socket. 


> 
\i W 


Efiter online at WWW.k worksdaily. 
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Connect and enjoy 


A stereo speaker system worth £149 


The NSi from Steljes Audio is the perfect partner for your desktop 
computer or mobile devices. With a beautifully compact design, the 
155mm-tall stereo speaker system features built-in amplification, and 
comes ina choice of eight fabulously finished colours. 


Oculus VR; the company behind the 
Oculus Rift headset, was acquired by 


“a which corporation in 2014? 
—> a)Google b) Microsoft c) Facebook 


\ 


com and one lucky reader will win! 
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Illustrations by Edward Crooks 
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BRIAN CLEGG 


THE ULTIMATE s 
LUIZ 8 


THE ULTIMATE 
SCIENCE QUIZ BOOK 


Quiz your friends and family with 
some of the most puzzling science 
questions, including why is the sky 

blue? And what is spaghettification? 


Reversing a 
hurricane 


Dear HIW, 
| have really enjoyed reading about 
‘Extreme Oceans’ in Issue 81, especially 
about the extreme storms. It got me 
thinking, if hurricanes go anti-clockwise in 
the Northern Hemisphere and clockwise in 
the Southern Hemisphere, what happens 
when they travel over the equator? 
William Tucker 


Good question, William! In fact, 
hurricanes and cyclones can’t cross 
the equator. They are driven by the 
Coriolis force, which is strongest at 
the poles and falls to zero at the 
equator. This means that hurricanes 
always form at least ten degrees 
north of the equator and cyclones 
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Get in touch 


Want to see your letters on this page? Send them to... 
rf) How It Works magazine O @HowltWorksmag 


howitworks@imagine-publishing.co.uk 


4D vision 


Dear HIW, 
| love your magazine and the new stuff in it 
each month. My question is, in what 
dimension do humans see? | think we can 
see in 4D but my family all think that we 
see in 3D, so which one is right? 
Jacob Maginn (aged 11) 


Strictly speaking, neither! Your retina 
is essentially a flat sheet of light 


We can trick our brains 
into seeing in 3D by 
manipulating what the left 
and right eyes see 


a 


always form at least ten degrees 
south of it. Once they form, the 
prevailing wind directions tend to 
blow them further from the equator. 
Even if one happened to drift towards 
the equator, it would dwindle out to 
nothing the closer it got, as the 
Coriolis force got weaker. 


This image shows the path of every 
hurricane or tropical cyclone from 
1985 to 2005 


sensitive cells, so your view of the 
world is projected onto a screen that 
is just two-dimensional. But, of 
course, we have two eyes and they 
are a few centimetres apart so they 
receive slightly different images. Your 
brain uses this difference to calculate 
the distance to an object. This lets you 
locate an object according to its 
position left or right of you, above or 


Mystery lava 


Dear HIW, 
| got my first How It Works magazine 
today and | just couldn't stop reading it! 
The stuff you put in it is just so 
interesting! Anyway, | got a lava lamp not 
long ago and | just couldn’t work out 
how it worked. Can you explain? 
Stewart Oxley (aged 11) 


We're glad you’re enjoying it, 
Stewart! The ‘bubbles’ in a lava lamp 
are made of a wax mixture. Its 
density at room temperature is just 
high enough to sink in the coloured 
water. When the lamp is on, the 
heated base makes the wax melt and 
expand so that it is now less dense 
than water and a blob floats to the 
top. As it cools, its density rises so it 
sinks again and so on. 


below you, and near or far from you. 
That’s the X, Y and Z dimensions but 
even this still isn’t true 3D vision 
because we can’t see around the back 
of an object. On the other hand, we 
can see moving scenes as well as 
static ones, and movement depends 
on the fourth dimension, which is 
time. So maybe we could describe this 
as a 4D view of 3D objects. 


A lava lamp is just water and wax taking it in 
turns to float and sink! 
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Merging black holes give off immense 
energies as gravitational ripples, 
travelling at the speed of light 


on the speed of any interaction 
between two objects in the universe 
and that includes gravitational 
interactions. Gravity is an incredibly 
weak force, so gravitational waves are 
extremely difficult to detect. But a 
2003 measurement of Jupiter passing 
in front of a distant quasar provided 
tentative figures for the speed of 
gravity and this was finally confirmed 
this year at the LIGO observatory in the 
US, which detected gravitational 
waves for the first time. 


Delayed gravity 


® Dear HIW, 

| really like to read your magazines and | 
always can’t wait for the newest edition 
to come in the post. | came up with a 
question recently, does gravity have 
speed and if so, how fast does it travel? 
Cathal Dafydd Brace 


Yes, the effects of gravity travel at the 


speed of light. Einstein’s theory of 
special relativity places an upper limit 


“The effects of gravity 
travel at the speed of light” 
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NEXT ISSUE 


Issue 85 on sale 21 April 2016 


Including 
e The roles of tanks on 
the battlefield 
eMark I versus the 
Challenger 2 


e Future of armoured 
warfare 
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Celebrating 100 years of evolution 
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Aspace traveller's guide to the 
Solar System’s hot spots 
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How we will safeguard our 
planet for the future 
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CALLING ALL SCIENTISTS, ENGINEERS, PHOTOGRAPHERS, 
RESEARCHERS, COLLEGE AND SCHOOL STUDENTS! 


International Images for Science is looking for your best photos showing any aspect of 
science and engineering and their place in the world around us. This free to enter competition 
is organised by The Royal Photographic Society and supported by Siemens as part of the 
Curiosity Project, a three-year engagement programme seeking to inspire the next generation 
of scientists and engineers. 


There are three age groups with their own prizes, each prize acompanied by an RPS Medal: 
Age 17 and Under: GOLD award £500 toward photographic equipment 
Age 18-26: GOLD award £500 
Age 26 and Over: GOLD award £1000, SILVER award £500, BRONZE award £250 


Closing date: midnight at the end of 1st May 2016 


For more information and to enter online, visit 


Media Partner www.rps-science.org opea) 
EIFOC 


MAGAZINE . @The_RPS #IISE @SiemensUKNews #Curiosityproject ope 
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. Brain and Self 
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. Competition and Cooperation 
. Race and Reality 
. Social Progress 
. The Reality of Money 
. The Origin of Life 
. Exoplanets and Extraterrestrial Life 
. Technology and Death 
. Cloning and Identity 
Genetic Engineering 
. Medically Enhanced Humans 
. Transhumans: Making Living Gods 


How Is Science Retr a itl eat 
e e > 
Changing Reality: Redefining Reality: 


Dark matter. Genetically engineered organisms. Computers that can The Intellectual Implications of Modern Science 
Course no. 4140 | 36 lectures (30 minutes/lecture) 


Redefining Reality: ~ 
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converse with humans. People who are part machine. Algorithms that 
can predict, with astonishing accuracy, when we will wake up, what 
we will buy, and even whom we will marry. All of these things sound 
like fiction—yet are now part of reality, thanks to advances in science, 
technology, and our understanding of the nature of the universe. In a 
world of such ever-expanding wonder, how do we tell what is real? 


DVD S49:-99 NOW £34.99 


The quest to pin down what’s real and what’s illusory is both 


philosophical and scientific, a metaphysical search for ultimate reality CD £8499 NOW £34.99 


that goes back to the ancient Greeks. Award-winning Professor of Bee eo Saeed 

. . . Priority Code: 123880 
Philosophy Steven Gimbel of Gettysburg College leads you in an 
exhilarating exploration of the ways in which science has reshaped our te ee Cee ee eee entre 
understanding of reality—and how these changes influence the ways we world’s foremost educators to millions who want to go 
live, our interactions with each other, and the technology we create. deeper into the subjects that matter most. No exams. No 

homework. Just a world of knowledge available anytime, 

anywhere. Download or stream to your laptop or PC, or 
use our free mobile apps for iPad, iPhone, or Android. Over 
550 courses available at www.TheGreatCourses.co.uk. 
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O 8 O O 2 9 8 979 6 Brenda Road, Hartlepool, TS25 1NN. Terms and conditions 
apply. See www.TheGreatCourses.co.uk for details. 


